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A study  was made o f  b in d in g  o f an a n t i  foam p re p a ra t io n  c o n ta in in g  
p o ly d im eth y Is ilo x an e  (PDS) to  c e l l s  o f Saccharomyces c e r e v ls ïa e  NCYC 
366. These c e l l s  bound approx im ately  2 .1  yg PDS p er 2 x 10^ 
organism s when suspended in  0 .1  M KHgPO  ̂ b u f f e r  (pH 4 .5 ) c o n ta in in g  
A ntifoam  M-10 ( to  g iv e  19 yg PDS p e r m l) . A decrease  in  th e  
c o n c e n tra tio n  o f  any one o f th e  two e m u ls i f ie r s ,  po lyoxyethy lene  
s o rb ita n  m onosteara te  o r g ly c e ro l m onosteara te  caused an in c re a s e  
in  the  s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by the  o rgan ism s, 
w h ile  a decrease  in  th e  c o n ce n tra tio n  o f  th e  th ic k e n e r ,  sodium 
carboxymethy1 c e llu lo se  caused a d ecrea se . The s i t e s  in v o lv ed  
in  b in d in g  PDS were in d ic a te d  to be lo c a te d  in  th e  c e l l - w a l l  
phosphom annan-protein o f  th e  organism s by s tu d ie s  made on PDS 
b in d in g  by whole c e l l s ,  PDS re le a s e  by s a tu r a te d  o rgan ism s, 
an a ly ses  o f i s o la te d  w a lls  and su rfa c e  p ro p e r t ie s  o f o rgan ism s, 
b e fo re  and a f t e r  chem ical and enzymic tre a tm e n ts . The s u rfa c e  
charge o f the organism s a t  d i f f e r e n t  pH v a lu es  had no e f f e c t  on 
PDS b in d in g . B inding o f PDS had a masking e f f e c t  on the  
e le c tro p h o r e t ic  m o b ili ty , b in d in g  o f  an tibody  and b in d in g  o f 
concanavalin  A by the o rgan ism s, b u t had no e f f e c t  on th e  re le a s e  
o f  in v e r ta s e .
PART II
An exam ination  was made o f the a b i l i t y  o f  each o f  4 s t r a in s  o f
Sacohardmyoes cevev^s la e  to  f lo c c u la te  fo llo w in g  th e  e x c is io n  o f
th e  p h o sp h o d ies te r lin k a g e s  o f c e l l -w a l l  phosphomannan. T reatm en t
o f  i s o la te d  w a lls  o f each o f the 4 s t r a in s  w ith  h y d ro f lu o r ic
a c id  (58 -  62%, v /v ) removed most o f th e  phosphorus w ith o u t
e x te n s iv e  lo s se s  o f  o th e r  components. T reatm ent o f whole c e l l s
w ith  th e  same re a g e n t in c re a se d  the  sed im en ta tio n  r a t e s  o f  bo th
2 +f lo c c u le n t  and n o n -f lo c c u le n t c e l l s .  The p resen ce  o f  Ca ions 
was found to  be e s s e n t ia l  fo r  the ex p re ss io n  o f f lo c c u len c e  e i th e r  
in h e re n t  o r induced by h y d ro f lu o r ic  a c id  tre a tm e n t. E s t é r i f i c a t i o n  
o f  su rfa c e  carboxyl groups decreased  the sed im en ta tio n  r a te s  o f 
bo th  u n tre a te d  f lo c c u le n t  c e l l s  and h y d ro f lu o r ic  a c id - t r e a te d  
o rgan ism s. In c lu s io n  o f  mannose in  the  suspend ing  medium 
d e f lo c c u la te d  u n tre a te d  f lo c c u le n t  c e l l s  b u t  f a i l e d  to  
u e f lo c c u la te  h y d ro f lu o r ic  a c id - t r e a te d  organism s. The phosphorus 
co n ten ts  o f  th e  o u te r  la y e rs  o f  th e  c e l l -w a l l  as in d ic a te d  by the 
e le c t ro p h o r e t ic  m o b ility  a t  pH 4 .0  o r  the  amount of calc ium  bound by 
is o la te d  w a lls  was n o t r e la te d  to  the f lo c c u la t io n  c h a r a c te r i s t i c s  
o f  the organism s.
INTRODUCTION
COMPOSITION AND STRUCTURE OF THE YEAST CELL WALL
Of th e  numerous to p ic s  in  y e a s t b io ch em is try , com position  and 
s t r u c tu r e  o f  the  y e a s t c e l l  w all has found p a r t i c u la r  i n t e r e s t  among 
m ic ro b ia l b io c h e m is ts . C urren t knowledge o f  th e  n a tu re  o f th e  y e a s t  
c e l l  w a ll i s  based  la rg e ly  on the  combined evidence o b ta in e d  from chem ical 
and p h y s ic a l  s tu d ie s ,  enzymic d eg rad a tio n s  o f  th e  c e l l  w a ll and from 
c y to lo g ic a l  in v e s t ig a t io n s .  Much o f  th is  work has been done on 
stTSiijis o f  SaooharomyQes c e v e v is ia e  (b a k e r 's  and b re w e r 's  y e a s ts )  due 
to  t h e i r  ready a v a i l a b i l i t y .  S tu d ie s  on o th e r  y e a s ts  have shown 
some d iv e r s i ty  i n  s t r u c tu r e  and com position  (P h a ff , 1 9 7 1 ).
R a r ly  in v e s t ig a to r s  g e n e ra lly  su b je c te d  whole y e a s t  c e l l s  to  
d r a s t i c  chem ical tre a tm en ts  in  o rd e r  to  o b ta in  c e l l - w a l l  re s id u e s  o r  
e x t r a c ts  o f  c e l l - w a l l  components. With th e  developm ent o f  v a r io u s  
in s tru m en ts  th a t  e f f e c t  c e l l  breakage (Wood, 1966; Hughes, W i^enny 
& L loyd, 1971), much p ro g ress  has been made on the  i s o la t io n  o f  c e l l  
w a l l s .  However, i s o l a t i o n  o f  y e a s t  c e l l  w a lls  i s  a  tim e-consum ing 
o p e ra t io n . To i s o l a t e  in d iv id u a l  components o f  the  c e l l  w a ll e a r ly  
w orkers t r e a te d  whole y e a s t  w ith  h o t a l k a l i ,  which removes the  
mannan from the  w all w ith  some co n tam inating  glycogen, le a v in g  beh ind  
a  re s id u e  composed m ainly o f g lu can . The mannan was p r e c ip i ta te d  
from the e x t r a c t  w ith  co ld  F e h lin g 's  s o lu t io n  and the f r e e  po ly ­
sac c h a rid e  l ib e r a te d  by t r e a t in g  th i s  p r e c ip i t a t e  w ith  d i lu te  a l k a l i .
More re c e n tly  o th e r  m ild e r methods have been employed to  e x t r a c t  
mannan. These methods in c lu d e  a u tc c la v in g  c e l l s  in  w a te r o r b u f f e r
s o lu tio n  (P e a t, Whelan & Edwards, 1961a; P e a t ,  Turvey & D oyle, 1961b; 
Kocourek & B allo u , 1969) and e x tra c t io n  o f c e l l s  o r w a lls  w ith  
e thy lened iam ine  (K ess le r & N ickerson , 1959; Kom & N o rth co te , 1960; 
K lau sh o fer, Mahr & S z i lv in y i ,  1961).
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A number o f  y e a s t  c e l l - w a l l  components have been  iso la te d  and 
s tu d ie d  in  d e t a i l .  Some p ro g ress  has a lso  been made on th e  
e lu c id a t io n  o f  types o f  lin k a g e s  which h o ld  th e  m ajor components 
o f  th e  w a ll to g e th e r  in  the  i n t a c t  c e l l .  Reviews on* th e  c e l l  w a ll 
o f  y e a s t  and r e la t e d  a sp e c ts  have been, p u b lish ed  by C larke & Stone (1963), 
N ickerson  (1963), N orthco te  (1963) P h a ff (1963), B u ll & C h este rs  (1966), 
B a r tn ik i-G a rc ia  (1968), Gorin & Spencer (1968) MacWilliam (1970) 
and P h aff (1971).
■The y e a s t  c e l l  w a ll i s  between 100 and 200 nm in  th ic k n e ss  
(Lyons & Hough, 1970C) and i s o la te d  w a lls  o f  b a k e r ’s  y e a s t  accoun t 
f o r  ab o u t 30% o f  th e  dry  c e l l  mass (F alcone & N ick erso n , 1956).
However, two e a r l i e r  r e p o r ts  (N orthco te  & H om e, 1952 and R o e lo fsen , < 
1953) claim ed th a t  sam ples o f  b a k e r 's  y e a s t  co n ta in ed  15% and 20% o f
w a l l , r e s p e c t iv e ly .  Brewer’ s s t r a in s  o f  Saccharomyces c e r e v is ia e
I
a re  re p o r te d  to  have w a ll co n ten ts  v a ry in g  betw een 6% and 27%
( G r i f f in  & M acW illiam, 1969) . _
The n a t iv e  c e l l  w a ll  r e p re s e n ts  a  very  com plex, h e te ro g en eo u s  
o rg a n e lle  and th e  u l t im a te  b u i ld in g  s to n es  o f  th is  a re  g lu can , mannan, 
N -ace ty l-D -g lucosam ine  ( a l l  o r  some o f  i t  as c h i t i n ) ,  p ro te in  and 
l i p i d .  M ill (1966) s ta te d  th a t  about 90% o f  th e  dry  w e i ^ t  o f  th e  
Saccharomyces c e re v 'is ia e  c e l l  w all i s  p o ly sa c c h a r id e , g lucan  and 
mannan b e in g  p re s e n t  in  ab o u t equal amwunts. However, i t  has been 
e s ta b l is h e d  th a t  th e  r a t i o  o f  glucan to  mannan v a r ie s  acco rd in g  
to  growth c o n d itio n s  (D unw ell, Ahmad & Rose, 1961; McMurrough &
Rose, 1967) and w ith  the  age o f  the y e a s t  c e l l .  ' The r a t i o  a lso  
v a r ie s  w ith  th e  y e a s t  s t r a i n  (G r if f in  & MacW illiam, 1969). The 
r e s t  o f  th e  w a ll i s  composed o f  p ro te in  (ab o u t 8%), l i p i d  (0.8-13%) 
and N -acety l-D -g lucosam ine (0 .8  -  0.9% ).
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Glucan
Glucan, r e f e r r e d  to  as " y e a s t  c e l lu lo s e "  o r  " y e a s t po lyose" 
in  e a r ly  l i t e r a t u r e ,  i s  a polymer o f  D -glucose, which c o n s ti tu te ^ '’ 
th e  compotent re sp o n s ib le  fo r  the  shape and r i g i d i t y  o f th e  
y e a s t  c e l l  (P h aff 1971) and was f i r s t  p rep ared  by Salkowski (1 8 9 4 a). 
Z echm eister and Toth (1934, 1936) w ere th e  f i r s t  to  r e p o r t  th e  p re sen ce  
o f  (1 -3) lin k ag es  in  g lucan , by m é th y la tio n  a n a ly s is .  H ass id , Jo s ly n  
and McCready (1941) confirm ed th e  p resence  o f  (1-3) lin k a g e s  in  
b a k e r 's  y e a s t  g lu can , and suggested  th a t  th e  g lucan  m olecule i s  
p robab ly  o f  th e  c lo se d  ch a in  ty p e . They a ls o  su g g ested  a predom­
in an ce  o f  6 -lin k ag e s  in  g lucan  and a m olecu lar w eigh t o f  6 ,500 
d a l tons w ith  a degree o f p o ly m eriza tio n  o f  40. The p resence  o f  
6 (1 -3 ) lin k a g e s  was l a t e r  confirm ed by enzymic s tu d ie s  (B arry  &
D illo n , 1943).
B e ll & N orthco te  (1950), who s tu d ie d  g lucan  from a s t r a i n  o f  
Saooharorm^ces c e re v is la e ^  were th e  f i r s t  to  o b ta in  ev idence on th e  
b a s is  o f  m é th y la tio n  a n a ly s is  fo r  a h ig h ly  b ranched  p o ly sac c h a rid e  
o f la rg e  m olecu lar w eigh t. T h e ir ev idence in d ic a te d  u n i t  ch a in s  
w ith  an average o f n in e  g lucose u n i ts  l in k e d  by 6 (1 -3 ) bonds and 
w ith  in te r c h a in  l in k s  o f  th e  (1-2) ty p e .
The presence  o f  the 6(1-6) type o f lin k a g e  in  g lucan  was f i r s t  
dem onstrated  by P e a t, Whelan & Edwards (1 9 5 8 a), They su b je c te d  
b a k e r 's  y e a s t  g lucan to  p a r t i a l  h y d ro ly s is  w ith  90% form ic a c id , 
and observed o lig o sa c c h a r id e s  o f  the  g e n tio b io se  s e r ie s  among th e  
h y ro ly s is  p ro d u c ts , in d ic a t in g  the  p resence  o f  6(1-6) type o f 
lin k a g e s  in  the  g lucan . However they could  n o t confirm  the  
p re sen ce  o f (1-2) lin k a g e s , f i r s t  suggested  by B e ll & N o rth c o te  
(1950), due to th e  absence o f  any 2 -0 -6 -D -g lucopyranosy l-D -g lucose
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among th e  h y d ro ly s is  p ro d u c ts . They env isaged  glucan as a l in e a r  
m olecule in  which (1-3) and (1-6) lin k ag es  occur a t  random o r  in  
sequences such th a t  a group o f a t  l e a s t  th re e  (1-6) lin k a g e s  a re  
f la n k e d  on e i th e r  s id e s  by (1-3) bonds. From p e r io d a te  o x id a tio n  
s tu d ie s  (P ea t e t  a Z . , 1958a) and l a t e r  from s tu d ie s  in v o lv in g  
t o i u e n e -p -su lphonation  fo llow ed  by rep lacem en t o f  th e  p rim ary  to s y l  
groups by io d in e  (P ea t, Turvey & Evans, 1958b), the  prim ary hydroxyl 
groups o f  th e  g lucose u n i ts  invo lved  in  (1 -6) lin k ag es  were 
e s tim a te d  to  be 10-20%.
Tanaka (1963) showed by enzymic s tu d ie s  t h a t  the  r a t i o  o f  
6(1—6) lin k a g e s  to  6(1-3) lin k a g e s  in  b a k e r 's  y e a s t  g lucan  was 1 :2 . 
However Buecher (1968), who re p ea ted  T anaka 's  (1963) a n a ly s is  o f  
b a k e r 's  y e a s t  c e l l  w a l ls ,  found th a t  th e  r a t i o  o f  lin k a g e s  s u s c e p t ib le  
to  6(1-6) and 6 (1 -3 ) g lucanases was 1 :1 .
A nalysés o f b a k e r 's  y e a s t ,  u s in g  p e r io d a te  o x id a tio n  and 
m é th y la tio n  methods by M isaki & Smith (1963) and M isaki e t  (1968), 
a g a in  suggested  th a t  the g lucan  i s  h ig h ly  b ran ch ed . T h e ir  s tu d ie s  
re v e a le d  th a t  the  re p e a tin g  u n it  o f g lucan  c o n s is t  o f one te rm in a l 
no n -reduc ing  re s id u e , seven 6 ( l-3 ) - l in k e d  non- te rm in a l re s id u e s  and 
one b ran ch in g  re s id u e , jo in e d  through p o s i t io n s  0 -1 , 0 -3  and 0 -6 . 
M isaki e t  a t .  (1968) proposed the  s t r u c tu r e  shown in  F igure  1 as 
a  w orking model fo r  th e  g lu can .
There i s  however some d i f f i c u l t y  in  re c o n c i l in g  th i s  s t r u c tu r e  
w ith  the  fin d in g s  o f P e a t e t  a t .  (1958a), Tanaka (1963) and Buecher 
(1968), because th is  glucan does n o t p o ssess a s ig n i f i c a n t  number 
o f  6 ( l - 6 ) - l in k e d  g lucose re s id u e s  w ith o u t s id e  c h a in s . C onfirm ation  
o f  th e  p resence  o f a D -g lucose, t r ip ly - l in k e d  a t  p o s i t io n s  0 -1 , 0 -3 , 









( G ) 7  
3
X + y  = 40 — 50
F igu re  1 . Schem atic r e p re s e n ta t io n  o f  b a k e r 's  y e a s t  g lu can , from
M isaki e t  a l^  (1968). G in d ic a te s  a g-D -g lucopyranosy l
!
re s id u e .  ^
Manners & P a t te r s o n  (1966). However t h e i r  s tu d ie s  too in d ic a te d  a 
g r e a te r  p ro p o r tio n  o f u n s u b s ti tu te d  6 ( 1 - 6 ) - l in k e d  g lu co se  re s id u e s  
in  th e  backbone than f i t s  the  model proposed by M isaki e t  a t .  (1968).
Bacon & Farmer (1968) and Bacon e t  a%. (1969) a t t r i b u t e d  th e se  
d if f e r e n c e s  to  the p resence  o f a w a te r -so lu b le  6(1-6) g lu can , which i s  
removed w ith  th e  g lycogen, on tre a tm e n t w ith  a c e t ic  a c id  and w a ter in  
th e  p re p a ra t io n  o f y e a s t  g lu can . Manners & Masson (1969) c h a r a c te r ­
is e d  t h i s  s o lu b le  glucan o f b a k e r 's  y e a s t  as  a  l i n e a r  6 (1 -6 ) polymer 
c o n ta in in g  a very  sm all p ro p o r tio n  o f 6 (1 -3 ) lin k a g e s  and h av in g  a 
degree o f  p o ly m eriza tio n  o f 140 -  10. S tu d ie s  c a r r ie d  ou t on the 
r e s id u a l  g lu c a n ,a f te r  removal o f the  s o lu b le  g lu can , by Manners & 
Masson (1969) re v e a le d  th a t  the g lucan  m olecule is  le s s  h ig h ly  
branched than  proposed by M isaki e t  a t .  (1968) and th a t  the  ch a in s
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o f 3 (1 -3 )- l in k e d  g lucose  re s id u e s  may be much lo n g e r . Manners, 
Masson & P a tte r s o n  (1973a), working on fo u r sam ples o f b a k e r 's  
y e a s t  g lu can , confirm ed the  h e te ro g e n e ity  o f y e a s t  g lu can . They 
re p o r te d  th a t  y e a s t  g lucan  p repared  by v a r io u s  tre a tm e n ts  o f 
ScLCcharcmyces cerevi.s 'iae  c e l l  w a lls  to  remove mannan and glycogen 
was s t i l l  h e te ro g en eo u s . The m ajor component (ab o u t 85%) i s  a 
b ranched  3 (1-3) g lucan  o f  h igh  m olecu lar w eigh t (about 240,000 
d a lto n s )  c o n ta in in g  3% o f 3(1-6) g lu c o s id ic  in te r c h a in  l in k a g e s . 
The minor component i s  a branched 3 (1 -6 ) g lu c an . By com parison 
o f  t h e i r  r e s u l t s  w ith  th o se  o f o th e r  w o rk e rs , th ey  su g g es ted  
th a t  d i f f e r e n t  g lucan  p re p a ra t io n s  may d i f f e r  in  the  degree o f  
h e te ro g e n e ity , and th a t  the m ajor 3 (1-3) g lu can  component may vary  
c o n s id e ra b ly  in  the deg ree  o f  b ra n c h in g .
G l
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F ig u re  2 P a r t i a l  s t r u c tu r e  o f a segment o f y e a s t  3(1-3) g lu can , from 
Manners e t  aZ .(1 9 7 3 a ). G in d ic a te s  a 3-D -g lucopyranosy l 
r e s id u e ,  (a+b+c com prises o f 60 g lu co se  re s id u e s , a lthough  
tlie e x a c t le n g th s  o f a ,  b and c a re  n o t known. )
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Manners e t  a t ,  (1973b) s tu d ie d  the  3 (1 -6 ) g lucan  which was s a id  to  
be the  m inor, s o lu b le  component by Manners e t  a t ,  (1 9 7 3 a ). They 
d e sc rib e d  th i s  g lucan  as a p o ly sac c h a rid e  hav ing  a degree  o f  
p o ly m e riz a tio n  o f  abou t 130-140 w ith  a h ig h ly  branched s t r u c tu r e  
and a h ig h  p ro p o r tio n  o f 3(1-6) g lu c o s id ic  l in k a g e s . This 
m olecule a lso  c o n ta in ed  a  sm a lle r  p ro p o r tio n  o f  3 (1 -3 ) lin k a g e s  
t h a t  se rv e  m ainly  as in te r c h a in  l in k a g e s ,  b u t  some may a lso  be 
in te r - r e s id u e  l in k a g e s .
Mannan
The o u te r  c h a in ; Y east mannan, which was term ed " y e a s t  gum" in  
e a r ly  l i t e r a t u r e  was f i r s t  p rep a red  by Salkow ski (1894b). Haworth, 
H i r s t  & Isherw ood (1937) and Haworth, Heath & P e a t (1 9 4 1 ),who 
e x tr a c te d  mannan by b o i l in g  whole y e a s t  w ith  a l k a l i ,  were th e  
f i r s t  to  s tudy  i t  in  d e t a i l .  They found mannan to  b e  a homogeneous 
polym er o f  mannose w ith  a degree o f  p o ly m e riz a tio n  o f  200-400. 
M é th y la tio n  a n a ly s is  re v e a le d  mannan to  b e  a h i ^ l y  b ra n c h ed  
m olecu le  and i t s  h ig h  d e x tro ro ta t io n  in d ic a te d  the  p re sen c e  o f  
a - l in k a g e s ,  a lth o u g h  th e  p resen ce  o f  3 - lin k a g e s  could  n o t be 
ex c lu d ed . Based on an a n a ly s is  o f th e  m eth y la ted  sugars  p re s e n t  
a f t e r  h y d ro ly s is ,  they  p o s tu la te d  the  th re e  re p e a tin g  u n i t s .
These s t r u c tu r e s  show th a t  the  s id e  ch a in s  cou ld  be s in g le  
mannose r e s id u e s ,  o r  two, o r  a  com bination  o f  one and two.
I n  th e se  s tu d ie s ,  th e  p resen ce  o f  (1-6) lin k a g e s  in  
u n s u b s t i tu te d  mannose re s id u e s  was in d ic a te d  by th e  f in d in g  o f  a 
sm all amount o f 2 ,3 ,4 -trim ethy lm annose  among the h y d ro ly s is  
p ro d u c ts  o f  m eth y la ted  mannan. This was e x p la in ed  by assum ing 
th a t  th e  te rm ina l n on -reducing  end o f th e  ch a in  o ccu rs  a t  p o s i t io n  
a in  F ig u re  3, which would y ie ld  th is  m eth y la ted  d e r iv a t iv e .
— 8 —
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F ig u re  3 One o f  th e  th re e  p o s s ib le  s t r u c tu r e s  fo r  th e  r e p e a t in g  
u n î t  in  b a k e r 's  y e a s t  mannan, from Haworth e t  a t ,  (1937, 
1 9 4 1 ). M in d ic a te s  an a-D-m annopyranosyl r e s id u e .  See 
t e x t  f o r  d e t a i l s .
L in d s te d t  (1945) and C if o n e l l i  & Smith (1955) confirm ed  th e  
r e s u l t s  o f Haworth and h i s  co-w orkers by  p e r io d a te  o x id a tio n  
tech n iq u e  and m é th y la tio n  a n a ly s is  r e s p e c t iv e ly .  However, P e a t 
e t  a t ,  (1961a) who s tu d ie d  mannan e x tra c te d  by a u to c la v in g  b a k e r 's  
y e a s t  i n  c i t r a t e  b u f f e r  a t  pH 7 .0 , u s in g  a tech n iq u e  in v o lv in g  
p a r t i a l  h y d ro ly s is ,  f r a c t io n a t io n  and ex am ination  o f  frag m en ts , 
concluded th a t  th e  backbone o f th e  h ig h ly  b ranched  mannan m ust 
c o n ta in  a (1-6) and n o t a (1-2) lin k a g e s  as p o s tu la te d  by Haworth 
e t  a t ,  (1937, 194 1 ). Much l a t e r ,  Jones & B allou  (1968) su p p lie d  
p ro o f f o r  the  e x is te n c e  o f a ( l - 6 )  l in k a g e s  in  the  backbone o f  th e  
mannan m olecule from enzymic s tu d ie s .  P e a t e t  a t ,  (1961b), who
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s tu d ie d  frag m en ta tio n  o f mannan by a c e to ly s i s ,  p ro v id ed  d i r e c t  
ev idence  fo r  th e  p re sen ce  o f  a ( l - 2 )  as w e ll as a ( l - 6 )  bonds in  
th e  r e s u l t in g  d is a c c h a r id e s . From th e se  and o th e r  d a ta . P ea t 
e t  d l .  (1961b) p u t forw ard the s t r u c tu r e  in  F ig u re  4 , to  re p re s e n t  








F igu re  4 R epea ting  u n i t  in  b a k e r 's  y e a s t  mannan, from P e a t e t  d l ,  
(1961b), M in d ic a te s  an a-D -m annopyranosyl re s id u e .
To e x p la in  the  f in d in g  o f 2 ,3 ,4 -tr im e th y l-D -m an n o se  in  th e  
h y d ro ly sa te  o f  m eth y la ted  mannan they  p o s tu la te d  the  p resence  
o f  an o c ca s io n a l mannose re s id u e  in  the backbone- n o t c a r ry in g  a 
s id e  c h a in . A l te r n a t iv e ly ,  i t  m ight c o n s t i t u t e  th e  red u c in g  
u n s u b s ti tu te d  end group o f the backbone c h a in .
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Lee & B allo u  (1965), who c a r r ie d  ou t c o n tro l le d  a c e to ly s is  o f  
b a k e r 's  y e a s t  mannan, found in  agreem ent w ith  Gorin & P e r l in  
(1956) th a t  th i s  tre a tm e n t c leav ed  a (1-6) lin k a g e s  o f  th e  backbone, 
y ie ld in g  o lig o s a c c h a r id e s  none o f  which c o n ta in ed  (1^6) bonds.
The r e s u l t in g  o lig o s a c c h a r id e s  were i d e n t i f i e d  as m annobiose, 
m anno triose  (bo th  w ith  a (1 -2 ) lin k a g e s )  and a  novel t e t r a s a c c h a r id e ,  
namely O ro -D -m an n o p y ran o sy l-(l-3 )-0 -n -D -m an n o p y ran o sy l-(l-2 )-0 -a -D - 
m annopyranosy l-(1 -2 ) -D-m annopyranosè. L a te r  S te w a rt, M endershausen 
& B allou  (1968) i d e n t i f i e d  a n o th e r t r i s a c c h a r id e ,  0-a-D —manno- 
p y ran o sy l— (1 -3 )-0 -a-D -m annopyranosy l-( 1 -2 )-D-mannopyranos e , as  an 
in t e g r a l  p a r t  o f  th e  mannan m o lecu le . From th e se  r e s u l t s  
S tew art & B allou  (1968) p o s tu la te d  the  b a s ic  s t r u c tu r e  shovm in  
F ig u re  5 fo r  b a k e r 's  y e a s t  mannan, w ith o u t im plying  any p a r t i c u l a r  
r a t i o  o r  o rd e r  o f th e  u n i ts  in  the ch a in .
/
C hieko, Kunokawa & Akiyama (1971), who s tu d ie d  mannan e x tr a c te d  
from  saké y e a s t  which i s  c l a s s i f i e d  as  Saccharomyces c e r e v is ia e ^  
r e p o r te d  an in t e r e s t i n g  d if fe re n c e  from b a k e r’ s y e a s t  mannan. T his 
was the  r e le a s e  o f a mannopentaose from th i s  mannan on a c e to ly s i s .  
T his newly found s id e  ch a in  re s id u e  was su g g es ted  to  be l in k e d  to  
th e  main ch a in  by an (1-2) bond w ith  two su c c e ss iv e  (1—3) bonds 
a t  the  end group.
P resence  o f  phosphorus in  mannan: The p re sen ce  o f  phosphorus in
mannan i s o la te d  from b a k e r 's  y e a s t  was re p o r te d  by N o rth co te  & 
Horne (1952) and l a t e r  confirm ed by L in d q u is t (1953). Eddy 
(1958), who s tu d ie d  mannan e x tra c te d  from w a lls  o f  Saccharom yces 
cereV'ts'tae^ found th e  phosphorus c o n te n t in  th e  mannan to  be 1% 
o r  l e s s .  He a lso  su g g ested  th a t  phosphorus in  th e  form o f  
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F ig u re  5 . Schem atic s t r u c tu r e  o f  b a k e r’ s y e a s t  mannan, from
S tew art & B a llo u  (1958), Tne s u b s c r ip ts  o u ts id e  th e  
b ra c k e ts  in d ic a te  the  average m o lecu lar p ro p o r tio n s  
o f  th e  v a r io u s  types o f  s id e  c h a in s , M in d ic a te s  an 
a—D-mannopyranosyl re s id u e .
M ahnose-6-phosphate was id e n t i f i e d  as a p ro d u c t o f a c id  h y d ro ly s is  
o f  mannan ivom Saccharomyces c e v e v is ia e  by M ill (1966), This 
in d ic a te d  t h a t ,  a t  l e a s t  in  b a k e r’ s y e a s t ,  th e  phosphate  appears  
to  be lin k e d  to th e  6 - p o s i t io n  o f the  te rm in a l non-reducing  
mannose re s id u e  o f  the  main chain  o r  to  the  (1 -2 ) o r  (1-3) 
lin k e d  re s id u e s  o f the  s id e  ch a in . M ill (1966) a lso  found 
th a t  the phosphate was d i - e s t e r i f i c d  and th a t  the  second (unknown) 
lin k a g e  was very  a c i d - l a b i l e ,  p o s s ib ly  r e p re s e n t in g  a h e m i-a ce ta l
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bond to  C-1 o f a n o th e r mannose re s id u e .
Cawley & L e t te r s  (1968) o b ta in ed  a phosphoglycopeptide  from 
w a lls  o f Saccharomyces oerevîs'ùaey  in  which the  phosphate was s t i l l  
p re s e n t as a d ie s t e r .  T h e ir s tu d ie s  su g g ested  th a t  th e  phospho- 
d ie s t e r  groups were lin k e d  between C-5 o f  one mannose u n i t  and 
C-1 o f  an o th er which in  tu rn  was thought to  be lin k e d  g ly c o s id ic a l ly  
a t  C-2 to  an o th er mannose re s id u e . Phosphate e s t e r i f i e d  a t  C-6 
on a mannose re s id u e  in  a p u r i f ie d  mannan f r a c t io n  from b a k e r’s 
y e a s t  , was a lso  i d e n t i f i e d  by Sen tandreu  & N o rth co te  (1968).
The d i e s t e r i f i e d  phosphate in  mannan from b a k e r’ s y e a s t  and 
an o th e r s t r a in  o f Saooharomyoes o e re v is ia e  (S288C) was re p o rte d  to 
be converted  to  th e  m onoester form , w ith  th e  r e le a s e  o f  an
equim olar amount o f  mannose and mannobiose in  v a r ia b le  r a t i o s
i
fo llo w in g  m ild a c id  h y d ro ly s is  (Thieme & B a llo u , 1971; Colonna & 
Lang)en, 1974a). The mannobiose was l a t e r  found to  be  o-D- 
mannopyranosyl— (1 -3 )-D-mannose (R osen feld  & B a llo u , 1974). These 
r e s u l t s  in d ic a te  th a t  one l ig rn d  to  the  p h o sp h o d ies te r group i s  
mannose o r m annobiose. R osenfeld  & B allo u  (1974), who s tu d ie d  
th e  r e s u l t in g  m onoester phosphomannan a f t e r  th e  r e le a s e  o f mannose 
and mannobiose showed th a t  th i s  y ie ld s  a m anno te traose-phosphate  
on p a r t i a l  a c e to ly s is .  By a s e r ie s  o f d e g ra d a tio n  r e a c t io n s ,  
th e  phosphate was shown to be a tta c h e d  to  th e  mannose u n i t  n ex t 
to  th e  one a t  th e  red ucing  end o f  th e  frag m en t. The ex ac t 
p o is i t io n  o f  a ttachm en t was e s ta b lis h e d  by a s e le c t iv e  d eg rad a tio n  
(Cawley, H arrin g to n  & L e t te r s ,  1972; R osen fe ld , 1974) to  be 
C-6 o f  th e  mannose re s id u e .
B ase-L ab ile  o lig o s a c c h a r id e s ;  Sen tandreu  & N orthco te  (1968)
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re p o r te d  the  r e le a s e  o f mannose and a m ix tu re  o f  d isa c c h a r id e s  when 
b u lk  mannan from Saccharomyces cerevist-ae  was t r e a te d  w ith  O.IN 
NaOH a t  20°C -  40°C fo r  24 h o u rs . This tre a tm e n t was re p o rte d  
by Thieme & B allou  (1971) and Cawley e t  a t ,  (1972) to  r e le a s e  
even t r i - a n d  te t r a s a c c h a r id e s .  Colonna & Lampen (1974b) 
confirm ed th a t  th i s  m ild tre a tm en t caused b u lk  mannan from 
Saccharomyces c e r e v is ia e  to  r e le a s e  mono-, d i - ,  t r i -  and 
p o s s ib ly  te t r a s a c c h a r id e s .  The e x a c t s t r u c tu r e  o f th e se  b a se - 
l a b i l e  o lig o sa c c h a r id e s  has been  s tu d ie d  (Nakajima & B a llo u ,
1974a) and re p o r te d  to  be id e n t ic a l  w ith  th o se  o f th e  d i - ,  t r i -  
and te tr a s a c c h a r id e  fragm ents produced by th e  a c e to ly s is  o f  the  
mannan main ch a in .
The in n e r -c o re : The d isco v ery  o f an in n e r-c o re  s t r u c tu r e
i n  y e a s t  mannan has been re p o rte d  f o r  th e  mannan o b ta in ed  from 
mnn2 m utant o f  Saccharomyces c e r e v is ia e  X2180 (Raschke e t  
1973; Nakajima & B allo u , 1974b). A c e to ly s is  and enzymic 
s tu d ie s  have re v e a le d  th a t  the  m a jo rity  o f t h i s  mannan was an 
u n s u b s ti tu te d  a (1 - 6 ) - lin k e d  c h a in . However th e  r e s t  o f  the  
m olecule r e ta in e d  a branch s t r u c tu r e  which was c h a ra c te r iz e d  
as the  in n e r-c o re  o f the  main polymannose c h a in . This p o r tio n  
o f  the  m olecule was assumed to  y ie ld  d i—, t r i -  and te tra s a c c h a r id e s  
on a c e to ly s i s .
With the d isco v ery  o f  the  in n e r -c o re , a more d e ta i le d  
d e s c r ip t io n  o f  Saccharomyces cerev 'is ia e  mannan can now be 
p re se n te d , in  which th e  carbohydrate  m oiety  o f  the m olecule i s  
d i f f e r e n t ia te d  in to  th r e e  p a r t s ;  the  o u te r  c h a in , the  in n e r-c o re
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and th e  b a s e - l a b i l e  o l ig o s a c c h a r id e s .
I n  a  v e ry  r e c e n t  a r t i c l e ,  B allo u  (1976) s t a t e d  t h a t ,  
c h a r a c t e r i s t i c a l l y ,  b a k e r ’ s y e a s t  mannan i s  composed o f  lo n g  
D-mannose c h a in s  in  a (1 -6 ) l in k a g e s , w ith  s h o r t  s id e  c h a in s  in  
a ( l - 2 )  and a (1 -3 ) l in k a g e .  These m acrom olecules a re  a t ta c h e d  
to  a sp a ra g in e  in  p r o te in .  In  a d d i t io n ,  th i s  mannan has s h o r t  
o ligom annoside  u n i ts  w ith  a (1-2) and a ( l - 3 )  l in k a g e s ,  t h a t  
a r e  l in k e d  to  s e r in e  and th re o n in e  in  p r o te in  (F ig . 6 ) .
• I
rM'-iM'—ÎM — M — — ®M — M— Î GNAc— Asn
I: I: I: i: " . i: i: i: i:
-  M M M MM M M M— P
1 : 1 : 1!  1.
• . M .M M M ,
i m m ;











F ig u re  6 Schem atic s t r u c tu r e  o f  b a k e r ’ s y e a s t  mannan, from B allo u  
(1976)• M in d ic a te s  an a-D -m annopyranosyl r e s id u e .
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In  th is  s t r u c tu r e ,  N -acety l-D -glucosam ine se rv es  as th e  b rid g e  
between p o ly sacch arid e  and p ro te in  where polymannose chains 
a re  lin k e d  to  the  p ro te in  by a lk a l i - s t a b l e  l in k a g e s .
Immunochemistry o f Mannan.
A n tise ra  o b ta in ed  by in je c t io n  o f  h e a t - k i l l e d  y e a s t  c e l l s  
c o n ta in s  a n tib o d ie s  a g a in s t  v a rio u s  groupings on th e  mannan 
m olecule (S uzuki, Sunayama & S a i to ,  1968; B a llo u , 1970).
The main a n tig e n ic  de term in a tn s  o f  Saccharomyces c e r e v is ia e  
mannan have been e s ta b lis h e d  as th e  a ( l - 2 )  and a ( 1 - 3 ) -lin k ed  
s id e  ch a in s  (Suzuki e t  aZ ., 1968; Suzuki & Sunayama, 1968), 
These w orkers a lso  re p o r te d  th a t  th e  te rm in a l (1 -3 )- l in k e d  
a-D-mannopyranosyl re s id u e  seems to  be more immunogenic th a n ' 
th e  (1 -2 )“ lin k e d  re s id u e .  The a-D -m annopyranosylphosphate group 
i n  th e  mannan o f  some Saccharomyces s t r a in s  i s  an o th er 
im p o rtan t immunogenic group (Raschke & B a llo u ,1971). However, 
R osenfeld  (1974) re p o r te d  th a t  the a (1 -3 ) -m annobiosylphosphate  
group in  Saccharomyces cere iy ls ia e  S288C mannan cannot be 
d i f f e r e n t i a t e d ,  immunochemically, from any o th e r  te rm in a l 
a ( l - 3 ) - l in k e d  mannobiose re s id u e . A ntiserum  o b ta in ed  by 
in je c t io n  o f  SaccJiaromyces cerev 'is ia e  c e l l s  th a t  la ck  te rm in a l 
a ( l ’'“3 ) - l in k e d  mannose has been  found to  be s p e c i f ic  fo r  the 
te rm in a l a ( l - 2 ) - l in k e d  mannose, whereas th a t  p repared  a g a in s t  
a m utant th a t  does n o t add s id e  ch ains to  the backbone i s  
s p e c i f ic  fo r  u n s u b s ti tu te d  o (1 -6 )- l in k e d  mannose ch ains 
(Raschke e t  aZ-., 1973). From th ese  r e s u l t s  i t  i s  c le a r  th a t
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a n t i s e r a  o f  v a rio u s  s p e c i f i c i t i e s  can be p rep a red  and used to  
id e n t i f y  new o r  unknown d e te rm in an ts  on the  mannan o f  o th e r  
y e a s t  s t r a i n s .
. Glucosamine
The glucosam ine c o n ten t o f th e  w a lls  o f Saccharomyces 
c e r e v is ia e  has been re p o r te d  to  be about 0 .8  -  0.9% o f  the  dry 
w e i ^ t  (Eddy, 1958). Kom & N o rth co te  (1960), who f r a c t io n a te d  
b a k e r’ s y e a s t  w a lls  w ith  e th y len ed iam in e , concluded t h a t  on ly  
9% of the  ap p aren t glucosam ine c o n ten t o f  the  w a ll had 
s o lu b i l i ty  p ro p e r t ie s  ty p ic a l  o f c h i t in .  However, Bacon 
e t  a l ,  (1966) re p o r te d  th a t  20% o f  the  glucosam ine c o n te n t i s  
p re s e n t  as in s o lu b le  c h i t i n  in  b a k e r’ s y e a s t  w a l ls .  From t^ e  
work o f  Houwink & K reger (1953) and Bacon e t  a l ,  (1966) i t  became 
e v id e n t th a t  th i s  in s o lu b le  c h i t i n  occurs in  b o th  b u d -sc a r  c te a s  
and non-scE^ed t i s s u e .  Follow ing e a r l i e r  su g g es tio n  by Eddy 
(1958) and Korn & N orthco te  (1960), S entandreu  & N orthco te  (1968) 
o b ta in ed  p ro o f th a t  the  p a r t  o f  N -ace ty l-D -g lucosam ine , which i s  
n o t p re se n t as c h i t i n ,  forms one type o f lin k a g e  between mannan 
and p ro te in .
P r o te in  and C arb o h y d ra te -P ro te in  Complexes.
P r o te in ; The p ro te in  c o n ten t o f b a k e r’s y e a s t  w a lls  was 
re p o rte d  to  be as h ig h  as 13% in  the  e a r ly  l i t e r a t u r e  (N orthcote 
& Horne, 1952). This may be due to  im p u r it ie s  in  th e  ce l1 -w a ll
p re p a ra t io n s . Many o f the  l a t e r  s tu d ie s  showed th a t  the  p ro te in
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o f  b a k e r’ s y e a s t  w a lls  i s  approx im ate ly  5 -  7% o f  the  w a ll dry 
w eight (R oelo fsen , 1953; Falcone & N ickerson , 1956; M ille r  & 
P h a ff , 1958; Buecher, 1968). A number o f s tu d ie s  have been 
made on the  am ino-acid  com position  o f  the  c e l l —w all p ro te in .  
K e ss le r  S N ickerson  (1959), who o b ta in ed  two f r a c t io n s  o f 
g lucom annan-pro tein  from w a lls  o f  Saccharomyces cerev 'is iae^  made 
a d e ta i le d  s tudy  o f  the  am ino-acid  re s id u e s  p re s e n t .  T heir 
f r a c t io n  I  co n ta in ed  17 d i f f e r e n t  amino a c id s  w ith  g lu tam ic  a c id  
(17.8% o f  th e  reco v ered  amino a c id s )  and a s p a r t ic  a c id  (13.1%) 
in  m ajor p ro p o r tio n s . Among the  o th e r  amino a c id s  le u c in e ,  
ly s in e  and a la n in e  accounted  fo r  9.1%, 8,1% and 6.9% r e s p e c t iv e ly ,  
v h i le  s e r in e  and th re o n in e  accounted fo r  4.1% and 5.0% r e s p e c t iv e ly .  
The glucom annan-pro tein  f r a c t io n  I I  y ie ld e d  13 d i f f e r e n t  amino 
a c id s .  Lacking were p r o l in e ,  m eth io n in e , h i s t i d in e  and 
p h e n y la la n in e . I n  th i s  p r o te in ,  a s p a r t ic  a c id  (31.1% ), 
g lu tam ic a c id  (9.2% ), c y s te ic  a c id  (8.4% ), le u c in e  (7.0%) and 
a la n in e  (6.5%) were th e  most abundant amino a c id s ,/w h e re a s  
s e r in e  and th reo n in e  accounted  fo r  4.6% and 5.9%, r e s p e c t iv e ly .
M annan-Protein com plexes; The p resence  o f n i tro g e n , 
phosphorus and su lp h u r in  p re p a ra tio n s  o f mannan from b a k e r’ s 
y e a s t  w a lls  has been re p o r te d  by many w orkers (N orthco te  & H om e, 
1952; Falcone & N ickerson , 1956; N ickerson  & F a lco n e , 19 5 6 a ,b ). 
From th e i r  work, Falcone & N ickerson  (1956) concluded th a t  the  
mannan and p ro te in  a re  t i g h t ly  bound and th a t  the  two components 
a re  p re s e n t in  a w eigh t r a t i o  o f  approx im ate ly  1 2 :1 . K e ss le r  & 
N ickerson (1959), who s tu d ie d  two g lucom annan-protein  complexes
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p rep a red  from b a k e r’ s y e a s t ,  b e lie v e d  th a t  the  h ig h ly  a c id ic  
p ro te in s  o f the w a ll a re  lin k e d  by carboxyl groups in  a c id ic  
amino a c id s  to  th e  hydroxyl groups o f the  p o lysaccharide*
However, s in ce  N orthco te  & Home (1952) found an a p p re c ia b le  
amount o f p ro te in  in  mannan e x tra c te d  by h o t a l k a l i ,  th e  
p ro te in -p o ly sa c c h a r id e  lin k a g e s  appear to  be more complex 
than  in d ic a te d  by K e ss le r  & N ickerson  (1959). Kom & N orthco te  
(1960), who f r a c t io n a te d  b a k e r’s y e a s t  w a lls  w ith  anhydrous 
e th y len ed iam in e , o b ta in e d  th re e  f r a c t io n s .  F ra c tio n  A which 
was so lu b le  in  e thy lened iam ine  and w a ter c o n s is te d  o f  a mannan- 
p ro te in  complex w ith  1.7% glucosam ine and 0.3% phosphorus. 
F ra c tio n  B, which was so lu b le  in  e thy len ed iam in e  b u t in so lu b le  in  
w a te r was co n sid e red  p o s s ib ly  to  be a g lucan-m annan-pro tein  } 
conp lex , w ith  0.8% glucosam ine and 0.12% phosphorus. The th i r d  
f r a c t io n  (C ), in s o lu b le  in  e thy lened iam ine  c o n s is te d  o f  mannose, 
g lu co se , p ro te in  and glucosam ine. From th ese  r e s u l t s ,  Kom & 
N orthco te  (1960) suggested  th a t  n o n -c h itin o u s  glucosam ine m ight 
w e ll p rov ide  the  l in k  between p ro te in  and ca rb o h y d ra te . L a te r  
Sentandreu  and N o rth co te  (1968) r e - in v e s t ig a te d  th e  th re e  
f r a c t io n s  from ethy lened iam ine  f r a c t io n a t io n ,  a f t e r  fu r th e r  
p u r i f i c a t io n  by pronase  d ig e s t io n  and f r a c t io n a t io n  on Sephadex 
columns, y ie ld in g  co rrespond ing  f r a c t io n s  A2, B2 and C2. They 
found th a t  f r a c t io n  A2, on tre a tm e n t w ith  O.IN NaOH y ie ld e d  
double bonded d eh y d ro serin e  and dehydro threon ine  to g e th e r  w ith  
mannose and o lig o sa c c h a r id e s  o f mannose. From th e se  r e s u l t s  
th g rsu g g ested  th a t  th e  hydroxy amino a c id s  were lin k e d  through
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0-m annosyl bonds to  mannose and sm all mannose o lig o s a c c h a r id e s . 
These o lig o sa c c h a r id e s  in c lu d ed  mannobioses lin k e d  by o ( l - 2 ) ,  
a ( -3 )  and .a (1-6) bonds (S en tandreu  & N o rth co te , 1969). However, 
a f t e r  t h i s  tre a tm en t w ith  NaOH the  la rg e  mannan m olecule was 
s t i l l  l in k e d  to the  p e p tid e . I t  was then  found th a t  a s p a r t ic  
a c id  was th e  only  amino a c id  in  th e  a l k a l i  t r e a te d  mannan th a t  
o ccu rred  in  equim olar amounts w ith  g lucosam ine. From th ese  
r e s u l t s  and p e r io d a te  o x id a tio n  s tu d ie s  th e  second type  o f  lin k a g e  
betw een p o ly sac c h a rid e  and p e p tid e  was suggested  to  be a n itro g e n  
g ly co sy l bond between N -acety lg lucosam ine and a sp a rtam id e . S ince 
th e  N -ace ty lg lucosam ine  was n o t c leaved  by p e r io d a te , i t  was 
thought th a t  th e  lin k a g e  to  mannan i s  through C-3 o r  C-4 o r  bo th  
T his type o f  s t r u c tu r e  could account fo r  the  h ig h  p ro p o rtio n s  
o f  glucosam ine n o t p re s e n t as c h i t in  in  y e a s t  w a l ls .  L a te r  
Cawley & L e t t e r s  (1969) confirm ed th e  r e s u l t s  o f  Sentandreu & 
N o rthco te  (1968). Much l a t e r  T a re n tin o , Plummer and Maley 
(1974) re p o r te d  th a t  the  m a jo rity  o f carbohydrate  in  crude mannans 
i s  a t ta c h e d  to  a sp a rag in e  re s id u e s  in  th e  p ro te in  p robab ly  by way 
o f  d i-N -a c e ty l-c h ito b io s e  u n i t s .
Cel1-W all Enzymes
A number o f  enzyme a c t i v i t i e s  have been d e te c te d  in  w a lls  o f  
Saceharomyoes c e r e v is ia e .  These enzymes a re  m ainly h y d ro la ses  
and en ab le  th e  y e a s t  to  u t i l i z e  s u b s tr a te s  to  which the  plasma 
membrane i s  im perm eable. Of th e se  enzymes, in v e r ta s e  has been 
s tu d ie d  most w id e ly . Neumann & Lampen (1967) p rep ared  a h ig h ly
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pur i f  ied  in v e r ta s e  from a Saacharomyaes s t r a i n ,  which had a 
m olecu lar w eight o f about 270,000 d a lto n s . This was found to  be
a g ly c o p ro te in  w ith  about 50% mannan and 3% glucosam ine. The
p ro te in  p a r t  o f  the  m olecule co n ta in ed  a h igh  p ro p o r tio n  o f 
a s p a r t i c  a c id ,  s e r in e  and th reo n in e  re s id u e s .
The Zeta P o te n t ia l  o f  Y east
E a rly  w orkers who s tu d ie d  th e  e le c tro p h o r e t ic  m o b ility  o f 
y e a s t s ,  in  media c o n ta in in g  b rew er’ s w o rt, concluded th a t  they  
a re  n e g a tiv e ly  charged , p robab ly  due to  adsorbed c o llo id s  w ith  an 
i s o l e c t r i c  p o in t around pH 4 .5  (Lllers & Geys, 1922; P f e i f f e r ,  1932). 
However Hening & Ay (1938) and K 8lbel(1947) found th a t ,  in  th e  
p re sen ce  o f  b u f fe r in g  s a l t s ,  v a rio u s  s t r a in s  o f  y e a s ts  were 
n e g a tiv e ly  charged throughout th e  pH range 2 .5  -  7 .0 . W iles 
(1951), who s tu d ie d  th e  e le c tro p h o r e t ic  m o b ility  o f  washed 
Saccharomyces c e r e v is ia e  in  b u f fe r  re p o r te d  th a t  th e  c e l l s  were 
n e g a tiv e ly  charged  and th a t  t h i r  i s  r e l a t iv e ly  independent o f  th e  
pH v a lu e .
However Jansen  & M endlik (1951) d e te c te d  a pronounced in c re a s e  
in  m o b ility  between pH 4 .5  and 5 .5 . Eddy & Rudin (1958a), who 
s tu d ie d  the  e le c tro p h o r e t ic  m o b ility  o f a number o f  Saccharomyces 
s t r a in s  over the  range pH 2 .0  -  1 0 .0 , concluded th a t  the  z e ta  
p o te n t ia l  o f y e a s ts  i s  pH-dependent and i s  due to  th re e  types o f 
groups in  the  su rfa c e  la y e r s .  Groups o f type A was p o s tu la te d  to  
c a r ry  a p o s i t iv e  charge a t  pH v a lu es  lower than  4 w h ils t  groups 
o f type B c a rry  a n e g a tiv e  charge a t  pH v a lu es  above 4 . These
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groups a re  a s s o c ia te d  w ith  the p ro te in  f r a c t io n  o f  the  c e l l  w all 
and correspond  to -  NH  ̂ and -COO groups. Groups o f  type C,which 
have a p|< va lue  le s s  than  about 2, correspond to th e  p h o sp h o d ies te r 
groups o f  the  phosphomannan o f  th e  c e l l  w all w hich c a r ry  a n e g a tiv e  
charge over a wide range o f a c i d i t i e s .  A ll th re e  types o f groups 
c o n tr ib u te  towards th e  o v e ra l l  charge o f th e  c e l l  su rfa c e  depending 
on th e  pH va lue  o f  th e  suspending l iq u id  and th e  y e a s t  s t r a i n .
Many w orkers have s tu d ie d  pH — e le c tro p h o r e t ic  m o b ility  cu rves to  
o b ta in  in fo rm atio n  ab o u t th e  su rfa c e  la y e r s  o f  y e a s t  and a sc o sp o re s .
(Eddy & Rudin, 1958a,b ; B r ile y  e t  aZ .,1 9 7 0 ; F is h e r ,  1975).
L ip id s
V arious in v e s t ig a to r s  have re p o rte d  on th e  l i p i d  c o n ten t o f  
i s o la te d  y e a s t c e l l  w a l ls ,  u s u a lly  in  term s o f  bound and f re e  
l i p i d s ,  th e  l a t t e r  b e in g  e x tra c ta b le  by  o rg an ic  s o lv e n ts  w ith o u t 
p rev io u s  h y d ro ly s is  (P h a ff , 1971). M asschelein  (1959) found as 
much as 13.5% o f th e  dry w eigh ts as l i p i d  in  w a lls  o f b e e r  y e a s t  
a f t e r  a c id  h y d ro ly s is .  Eddy (1958), on th e  o th e r  hand, found 
le s s  th an  2% to t a l  l%)ids in  w a ll p re p a ra t io n s  from v a rio u s  
Saooharomyoes s p e c ie s .  There i s  a lso  g re a t d ivergence  in  th e  
re p o rte d  v a lu es  fo r  n i tro g e n  and phosphorus c o n te n ts  in  i s o la te d  
l i p i d s  by v a rio u s  au th o rs ,w h ich  could  in d ic a te  d i f f e r e n t  c o n te n ts  
o f p h o sp h o lip id s . S ince in  the  washing and p u r i f i c a t io n  o f  y e a s t  
c e l l  w a lls  th e re  i s  no assu ran ce  th a t  th e  l i p i d - r i c h  plasma membrane 
i s  com pletely  removed, much o f the  re p o rte d  v a r ia t io n s  in  l i p i d  
co n ten ts  is  probably  due to the  e x te n t o f  removal o f  th e se  membranes.
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The components in  the  l i p i d  f r a c t io n  o f  the  y e a s t  c e l l  w a ll 
cou ld  be grouped in to  c la s s e s  as mono-, d i— and t r i g ly c e r id e s ,  
s t e r o l  e s t e r s ,  f r e e  f a t t y  a c id s  and p h o sp h o lip id s  (B ian ch i, 1967).
The c o n te n t o f  p h o sp h o lip id s  i s  very  low in  b rew er’ s y e a s t  w a lls  
(fô .anchi, 1967), b u t has been re p o rte d  to re p re s e n t  1% o f  the  c e l l  
w a lls  o f b a k e r’ s y e a s t  (Suom alainen, Nurminen & Oura, 1967).
A f te r  h y d ro ly s is  o f  th e  l i p i d ,  the main f a t t y  a c id  components 
a re  p a lm itic  and s t e a r i c  a c id s ,  w h i ls t  a c id s  w ith  10 o r 12 carbon 
atoms in  th e  chain  a re  ab se n t o r  low in  c o n te n t , ( G r i f f in  &
MacWilliam, 1969). ■
O rg an iza tio n  o f the  Y east C e ll Wall
Many a ttem p ts  have been made to  dem onstrate d i f f e r e n t  components 
o f  th e  y e a s t  c e l l  w a ll in  p a r t i c u la r  s t r a t a  by th e  use o f  u l t r a -  
th in  s e c tio n s  in  th e  e le c t r o n  m icroscope. The r e s u l t s  a re  n o t 
h ig h ly  d e f in i t iv e  a lthough  w ith  p ro p er f ix a t iv e s  (such as perm anganate) 
th re e  la y e rs  cou ld  be recogn ized  in  c e l l s  w ith  th ic k  w a l ls .  I t  i s  
now g e n e ra lly  accep ted  th a t  m annan-pro tein  complexes form th e  o u te r  
reg io n  o f th e  c e l l  w a ll o f  Saccharomyces s p e c ie s .  Because o f  an 
abundance o f  (1-2) and (1-3) lin k a g e s  in  y e a s t mannan the  hydroxj^l
groups on C-3 and C-4 a re  u n s u b s ti tu te d . The l a t t e r  a re  c leaved
by p e r io d a te  and the  aldehyde formed s ta in s  in te n s iv e ly  w ith  
le u co fu ch s in . Mundkur (1960), used th is  cy tochem ical method to  
dem onstrate  th a t  mannan forms th e  o u te r  la y e r  o f th e  w a ll and 
gluean  which does n o t r e a c t  w ith  th i s  re a g en t the  in n e r  la y e r .
However BalCon e t  al»  (1969) p o in te d  o u t th a t  6 (1-6) glucan
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d isco v ered  by them in  c e l l  w a lls  o f  b a k e r’ s y e a s t  would a lso  r e a c t  
w ith  p e r io d a te - le u c o fu c h s in  and could  have c o n tr ib u te d  to  th e  
in te n s e ly  s ta in e d  o u te r  la y e r .
From th e  la rg e  amount o f  in fo rm atio n  p rov ided  by N o rth co te  
(1963), P h a ff (1963), N ickerson  (1963, 1964), N agasaki c t  a t ,
(1966) and many o th e r s ,  Lampen (1968) pu t forward a schem atic  
r e p re s e n ta t io n  o f  th e  s t r u c tu r e  o f lo g a rith m ic  phase Saccharomyces 
c e r e v is ïa e  w a l ls .  He proposed  th a t  th e  o u te r  la y e r  o f  th e  w a ll 
i s  c o n s tru c te d  o f  la rg e  mannan m olecules h e ld  to g e th e r  by 1—6— 
p h o sp h o d ies te r bonds. T his co n clu sio n  i s  su p ported  by th e  
d e te c t io n  o f  p h o sp h o d ies te r type groups on th e  c e l l - w a l l  su rfa c e  
by Eddy & Rudin^ (1958a) who s tu d ie d  the e le c t ro p h o r e t ic  m o b ility  
o f  y e a s t .  T h e ir  pH -m obility  cu rves in d ic a te d  the  c o n tr ib u tio n  
tow ards th e  m o b ility  from groups o f  th e  p h o sp h o d ies te r ty p e . 
Immunochemical s tu d ie s  (h a s e n d e v e r  & M itc h e ll ,  1964; B a llo u ,
1970) and experim ents on concanavalin  A b in d in g  by y e a s t  (Tkacz, 
Cybulska & Lampenjl971) a lso  supply  p roof fo r  an o u te r  la y e r  o f 
mannan in  th e  y e a s t  c e l l - w a l l .  I t  i s  now understood  however th a t  
th e  p h o sp h o d ieste r bonds do n o t h o ld  polymannose ch ain s to g e th e r  
(Thieme & B allo u , 1971; Colonna & Lampen, 1974a).
S ince m annan-pro tein  enzymes a re  re le a s e d  by P R -fac to r 
(Nagasaki e t  aZ ., 1966) c o n c u rre n tly  w ith  f re e  mannan,Lampen (1968) 
suggested  th a t  i t  i s  l ik e ly  th a t  th ese  enzymes a re  h e ld  j u s t  below 
the o u te r  mannan la y e r ,  e i t h e r  a tta c h e d  through t h e i r  many sm all 
mannan tu f t s  by a d d i t io n a l  m annose-phosphodiester b r id g e s  o r 
sim ply h e ld  in  p lace  by hydrogen bonds o r o th e r  h y d ro p h il ic  fo rc e s .
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The main mannan ch a in s  a re  now b e lie v e d  to be bound to  a sp a ra g in e  
in  p ro te in  through N -acety l-D -glucosam ine (Sen tandreu  & N o rth c o te , 
1968) o r  by d i-N -a c e ty l c h ito b io se  u n its  (T aren tino  e t  a t , , 1974) 
w h ile  the  b a s e - la b i le  o lig o sa c c h a r id e s  a re  lin k e d  through 0-mannosyl 
bonds to  s e r in e  and th re o n in e  re s id u e s  o f the  p ro te in  (S en tandreu  
and N o rth c o te jl9 6 8 ) . The lo c a t io n  o f  m annan-pro tein  enzymes 
j u s t  below th e  o u te r  la y e r  o f  th e  w a ll i s  c o n s is te n t  w ith  the  
f in d in g  o f  P re is s  (1958) who m easured th e  s e n s i t i v i t y  o f  in v e r ta s e  
in  t h i n  film s  o f y e a s t  to  lo w -v o ltag e  e le c tro n  beams o f  in c re a s in g  
p e n e tr a t in g  power. By th i s  c r i t e r i o n ,  in v e r ta s e  was lo c a te d  20 -  
50% o f the  way through the  y e a s t  c e l l  w a ll .
The re le a s e  o f  mannan from i n t a c t  c e l l s  by p R -fa c to r  u su a lly  
co n tin u es  fo r  some time a f t e r  in v e r ta s e  has been l ib e r a te d  
(N agasaki e t  a t ,^  1966). On th e  b a s is  o f th i s  d isco v e ry , Lanpen 
(1968) suggested  th a t  th e re  may w e ll b e  a d d it io n a l  p h o sp h o d ies te r 
l in k e d  mannan below the  enzyme la y e r ;  in  f a c t  th e  enzymes may 
be e s s e n t ia l ly  surrounded by the  mannan mesh.
Since th e  rem ain ing  mannan (about 20% o f  th e  t o t a l )  and th e  
g lucan a re  re le a se d  only  very  slow ly by p R -fa c to r , Lampen (1968) 
suggested  th a t  th is  m a te r ia l  p robably  re p re se n te d  th e  g lu c o p ro te in  
f r a c t io n  s tu d ie d  by N o rth co te  (1963), K ess le r & N ickerson (1959) 
and o th e r s ,  th a t  can be re le a s e d  from p u r i f ie d  w a lls  by tre a tm e n t 
w ith  d i lu te  a l k a l i .  This la y e r  appears to  be c o v a le n tly  lin k e d  
to  the  g lucan f i b r i l s  which c o n s t i tu te  the  r ig i d  l a t t i c e  th a t  g ive 
th e  w all i t s  c h a r a c te r i s t i c  shape.
The o b se rv a tio n  th a t  th io l-c o n ta in in g  re a g en ts  s e n s i t i z e  the
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c e l l  w a ll to  th e  a c t io n  o f s n a i l  enzyme o r o th e r  w a l l-d ig e s t in g  
enzymes le d  Bacon e t  a t ,  (1965) to  propose th a t  d isu lp h id e  
bonds l in k  p ro te in  m olecules in  th e  w all so as to  produce a 
l a t t i c e  s t r u c tu r e  which p rov ides a d d it io n a l  s t r e n g th .  This 
concept i s  supported  by N ickerson’ s e a r l i e r  ev idence (1963) th a t  
a p ro te in  d isu lp h id e  re d u c ta se  i s  n ecessa ry  to  ren d e r th e  lo c a l  w a ll 
s t r u c tu r e  p l a s t i c  b e fo re  bud fo rm ation  can o ccu r. S ince t h i o l -  
c o n ta in in g  re a g en ts  a lso  f a c i l i t a t e  th e  a c t io n  o f  P R -fa c to r  on 
w a l l s ,  Lampen (1968) has su g gested  th a t  iL e i r  p re c is e  fu n c tio n  
w i l l  n o t be d e fin ed  u n t i l  s tu d ie s  can be  c a r r ie d  o u t w ith  pure  
p re p a ra tio n s  o f th e  e s s e n t ia l  l y t i c  enzymes. . ^k)st o f  th e  c h i t in  
in  Saooharomyoes c e r e v is ia e  w a lls  has been lo c a te d  in  th e  bud— 
sc a rs  (Bacon e t  a Z .,  1966; Bernan, 1968). ^
Although most o f  th e  d a ta  a v a i la b le  up to  d a te  su p p o rt th e  
schem atic  s t r u c tu r e  o f  Lampen (196B) th e re  i s  s t i l l  no p ro o f  
th a t  th e  su rfa c e  mannan com pletely  covers th e  g lu can . One way 
o f t e s t in g  th i s  i s  by r e a c tin g  y e a s t  c e l l s  w ith  g lu c a n -s p e c if ic  
a n tib o d ie s .  However g lu c a n -s p e c if ic  a n tib o d ie s  do n o t appear to  
be formed by in je c t io n  o f  r a b b i ts  w ith  is o la te d  g lucan  o r  
c e l l - w a l l  fragm ents (B a llo u , 1976). I t  has a lso  been re p o r te d  
th a t  a n tig e n ic  de te rm in an ts  th a t  r e a c t  w ith  m annan-spec ific  
a n tib o d ie s  a re  d e te c ta b le  on th e  su rfa c e  o f Saooharomyoes o e re v is ia e  
p ro to p la s ts  (C.E. B a llo u , unpublished  r e s u l t s ) .  This cou ld  
in d ic a te  th e  p resence  o f  mannan in  la y e rs  c lo se  to  th e  c e l l  membrane 
a lthough  o th e r  e x p lan a tio n s  a re  p o s s ib le . .
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BINDING PROPERTIES OF THE YEAST CELL WALL
The numerous b in d in g  p ro p e r t ie s  e x h ib ite d  by th e  y e a s t  c e l l  
w a ll could  be b ro ad ly  c l a s s i f i e d  in to  two c a te g o r ie s :  (1) B inding
o f  chem ical compounds i l l u s t r a t e d  by c a tio n  b in d in g  and b in d in g  o f 
n o n -io n ic  compounds such as p ro te in s ,  s i l ic o n e s  and hop c o n s t i tu e n ts ,
(2) c e l l - c e l l  b in d in g  i l l u s t r a t e d  by f lo c c u la t io n  and sexua l 
a g g lu t in a t io n  o f  c e r ta in  y e a s ts .
The y e a s t  c e l l  w a ll i s  cap ab le  o f  b in d in g  a  h o s t o f chem ical 
conqwunds which in c lu d e  in o rg a n ic  io n s ,  o rg an ic  compounds and 
o rg a n o s ilic o n  compounds. B inding o f in o rg a n ic  io n s , m ainly  
b iv a le n t  c a t io n s ,  has been s tu d ie d  in  d e ta i l  by R o th s te in  (1955), 
R o th s te in  & Hayes (1956), M ill (1964b), Lyons & Hough (1970a, b ,
1971), T ay lor & O rton  (1973, 1975) and S tew art, R u sse ll  and ' 
G arriso n  (1975). B inding  o f hop sub stan ces  from w ort d u rin g  
fe rm e n ta tio n  was s tu d ie d  by many w orkers in c lu d in g  Dixon (1967), 
and Dixon & Leach (1968) who re p o rte d  th a t  a d so rp tio n  o f  hop 
sub stan ces  onto y e a s t  fo llow ed  th e  c l a s s i c a l  p a t te r n  o f F reu n d lich  
a b so rp tio n  iso th e rm . The on ly  s tudy  on s i l ic o n e  b in d in g  i s  by 
Vernon & Rose (1976), p o ly d im e th y ls ilo x an e  being  th e  compound 
s tu d ie d . B inding o f p ro te in s  by y e a s t i s  w e ll i l l u s t r a t e d  
by b in d in g  o f  an tib o d y  and co ncanavalin  A. B inding o f concanavalin  
A, which i s  a p h y to h aem ag g lu tin » iso la ted  from ja c k  bean iCccnavdtia 
e n s ifo rm is )  has been s tu d ie d  by Tkacz e t  al» (1971) . C oncanavalin  
A b inds s p e c i f ic a l ly  to  a-mannan o f the  c e l l  w all and a - ( l - 2 ) - D -  
mannopyranosyl re s id u e s  has been suggested  as th e  s p e c i f ic
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combining s i t e s  (So & G o ld s te in , 1968). The im portance o f 
b iv a le n t  c a tio n s  to  th e  concanavalin  A -P o ly sacch arid e  in te r a c t io n s  
has been d iscu ssed  by Agrawal & G o ld s te in  (1968).
Sexual a g g lu t in a t io n  o f  UansenuLa ^ in g e i  has been s tu d ie d  
in  g re a t d e ta i l  by Brock (1959), C ran d all & Brock (1968 a ,  b , c ) ,  
C ran d all & C aulton (1973) and C ra n d a ll, Lawrence & Saunders
(1974). Sexual a g g lu t in a t io n  between o p p o s ite  m ating types o f  
Saccharomyces c e r e v is ia e  a lso  has been re p o r te d  by D untze,
Mackay & Manney (1970).
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SILICONES
The group o f o rg a n o s ilic o n  compoundsy known as s i l i c o n e s ,  
has a  m u ltitu d e  o f in d u s t r i a l  and commercial u se s . The fo u n d a tio n s  
o f o rg a n o s ilic o n  chem istry  were l a i d  in  th e  p e rio d  1899 to  
1944 by K ipping who f i r s t  p repared  and examined s i l i c o n e s .  In  
th e  course  o f t h i s  work he p rep ared  s i l ic o n e s  in  o i l  and r e s in  
form , bu t could  no t r e a l i s e  th e  p o te n t ia l  im portance o f  th e se  
p ro d u c ts . I t  was he who co ined  th e  name ’ S i l ic o n e ’ as he 
th ough t th e se  o rg a n o s ilic o n  compounds were analogous to  
k e to n d ^ . However, i t  i s  now known th a t  th e se  a re  no t monomeric 
compounds c o n ta in in g  Si=0 groupings as K ipping b e lie v e d , bu t 
polym eric m a te r ia ls  c o n ta in in g  -S i-O -S i- l in k a g e s .
The f i r s t  m ajor use o f  s i l ic o n e s  was in  th e  form o f g re a se , 
fo r  c o a tin g  spark  p lugs o f  a i r c r a f t  engines in  th e  Second World 
War. L a te r  a h o s t  o f s i l ic o n e  p ro d u c ts  were made w ith  a p p li­
c a tio n s  in  in d u s try , m ainly as an in s u la t in g  and w a te r-p ro o fin g  
m a te r ia l ,  and in  th e  m anufacture o f p o l is h e s . Now they  a re  b e in g  
used in  food and pharm aceu tica l in d u s t r ie s  as w e l l .
The most u se fu l members o f th e  fam ily  o f  l in e a r  p o ly s ilo x an es  
a re  th e  p o ly d im e th y ls ilo x an e  f lu i d s ,  which have th e  s t r u c tu r e  
shown in  F ig u re  7.
D ire c t ev idence o f th e  s t r u c tu r e  o f  p o ly s ilo x a n es  is  b e s t  
o b ta in ed  by th e  study  o f  monemolecular film s on th e  su rfa ce s  
o f l iq u id s .  The most g en era l form o f  th e  l in e a r  m olecule i s  
a b a l l  (N o ll, 1968). I t  can c o i l  up in  th is  way owing to  th e
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F ig u re  7. S tru c tu re  o f p o 1 y d im eth y ls ilo x an e .
r e l a t i v e l y  la r g e  v a len ce  an g le  of th e  s ilo x a n e  oxygen and th e  
s iz e  o f th e  s i l i c o n  atom s, which r e s u l t s  in  th e  m ethyl groups being  
pushed so f a r  from  th e  S i-O -S i a x is  th a t  f r e e  r o t a t i o n  around 
th e  s ilo x a n e  bond becomes p o s s ib le .  I t  has been suggested  
th a t  l in e a r  p o ly d im e th y ls ilo x an es  assume ’ th e  random c o i le d  
co n fo rm a tio n ' when d is so lv e d  in  o rg an ic  so lv e n ts  (N o ll, 1968) .
Much o f th e  p h y s ic a l b eh av iou r o f  t h i s  o rg a n o s il ic o n  polym er could  
be exp lained  by co n sid e rin g  th a t  th e  s ilo x a n e  ch a in s  ta k e  th e  
form of a r e v e r s ib ly -c o i le d  h e l ix ,  as proposed by P au lin g  (1947), 
in  which the  io n ic  c h a ra c te rs  o f  th e  s ilo x a n e  bonds a re  in te r n a l ly  
com pensated. T his id ea  o f a h e l ic a l  s t r u c tu r e  i s  su pported  by
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th e  work of Bridgman (1949), E l l is o n  & Zisman (1956) and Banks 
(1957)• These two th e o r ie s  may be regarded  as a l t e r n a t iv e  as 
re g a rd s  e x p la in in g  the  bu lk  p ro p e r t ie s  of s i l ic o n e  f l u i d s .
S il ic o n e s  a re  g e n e ra lly  c o lo u r le s s ,  c le a r  and t a s t e l e s s .
The f lu id s  a re  h ig h ly  co m p ressib le , hydrophobic and chem ically  
i n e r t ,  a lthough  they  a llow  f r e e  passage o f g a se s . T h e ir 
chem ical n o n - r e a c t iv i ty ,  low s o lu b i l i ty  in  w ater and p h y s io lo g ic a l 
in e r tn e s s  make them com patib le  w ith  most d ru g s , fo o d s tu f f s  and 
fo r  some purposes b io lo g ic a l  system s (L evin , 1958). T h e ir 
p h y s ica l and chem ical p ro p e r t ie s  have been w e ll documented 
(B aker, B arry and H unter, 1946; Hurd, 1946; Patnode & W ilcock, 
1946; Sauer & Mead, 1946; B ass, 1959). S il ic o n e  f lu id s  a re  
norm ally  a v a i la b le  in  v i s c o s i t i e s  ran g in g  from 0 .6 5  cS to  2x10^ 
cS a t  25°C. The su rfa c e  te n s io n  v a lu es  o f th e se  in c re a s e  from 
1 5 .9  dynes p e r cm. f o r  a  0 .6 5  rS f l u i d ,  to  20 .5  dynes per cm. 
fo r  a 20 cS f lu i d .  In  th e  20 to  1000 cS grades th e  su rfa c e  
te n s io n  in c re a se s  from 20.5 to  21.1 dynes p e r cm. Even h ig h -  
v is c o s i ty  f lu id s  o f p o ly d im e th y ls ilo x an e  have a low er s u rfa c e  
te n s io n  than  o rg an ic  f lu id s  su ch ,a s  benzene, e th an o l or e th y len e  
g ly c o l. Low su rfa c e  te n s io n  in d ic a te s  h igh  su rfa c e  a c t i v i t y  o f 
th e se  polym ers. J a r v is  (1966) has re p o rte d  th a t  su rfa ce  
v i s c o s i t i e s  o f s i l ic o n e  f lu id s  were below th e  l im i t  o f su rfa c e  
v iscom eters  used and th a t  th i s  r e f le c te d  the  low in te rm o le c u la r  
cohesion  th a t  e x is t s  between a d jac e n t s ilo x an e  chains in  a 
m onolayer.
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S il ic o n e s  as Antifoams
The h igh  su rfa ce  a c t i v i t y  o f l in e a r  p o ly s ilo x a n es  led  to  
th e i r  use  as s u r fa c e -a c t iv e  ag en ts  in  the  p re p a ra t io n  o f an tifoam s 
(Schw arz & R eid , 1964), fo r  h o th  aqueous and non-aquéous system s 
(B hute, 1971). Depending on th e  system s in  which th ey  a re  used , 
s i l ic o n e  antifoam s can be c l a s s i f i e d  as fo llo w s : (1) ag en ts
e f f e c t iv e  in  aqueous system s; ( i i )  ag en ts  e f f e c t iv e  in  non- 
aqueous syterns; ( i i i )  ag en ts  e f f e c t iv e  in  m isce llan eo u s system s.
As f a r  as fe rm e n ta tio n  in d u s t r ie s  a re  concerned th e  most im p o rtan t 
a re  th o se  in  th e  f i r s t  c a te g o ry .
However, as p r a c t ic a l  an tifo am s, th e  n e a t s i l ic o n e  f lu id s  
a re  r e l a t i v e ly  in e f f e c t iv e ,  p r in c ip a l ly  because  of t h e i r  h igh  
i n t e r f a c i a l  te n s io n  w ith  w ater which i s  about 42 dynes per cm. 
(Evans & H a ll ,  1971). T h e ir  sp read in g  c o e f f ic ie n t  i s  consequen tly  
low and th ey  do no t r e a d i ly  d is p e r s e  in  th e  foaming system . The 
most common method o f a p p l ic a t io n  o f s i l ic o n e s  as an tifoam ing  
agen ts  i s  in  th e  form of an em ulsion. The s i l ic o n e s  a re  
em u ls ified  w ith  s u i ta b le  s u r fa c ta n ts  (M orel, 1958) and o th e r  
in g re d ie n ts  which may be in co rp o ra ted  in  th e  fo rm u la tio n  to  
g ive  an an tifoam  em ulsion.
Compounded s i l ic o n e  an tifoam s u su a lly  c o n ta in  f in e ly  d iv id ed  
s i l i c a  (Evans & H a ll ,  1971), which m arkedly improve th e i r  an tifoam  
a c tio n  a lthough  the degree of improvement i s  h ig h ly  dependent 
on the  c o r re c t  ba lance  of p a r t i c l e  s iz e  and h y d ro p h ilic  c h a ra c te r  
o f s i l i c a .  The r o le  o f s i l i c a  i s  no t com pktely understood 
although  Ross (1967) suggested  th a t  i t  p ro v id es  a p o la r  su rfa c e  .
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fo r  w ater to  e n te r  and su b -d iv id e  la rg e  s i l ic o n e  d ro p le ts  in  th e  
em ulsion . T h ere fo re  é m u ls if ic a t io n  and th e  p resence  o f s i l i c a  
a llo w  th e  s i l ic o n e  f lu i d  to  be in  the  form o f sm all d ro p le ts  in  
th e  an tifo am .
The use of s i l ic o n e  antifoam s in  fe rm e n ta tio n s  has occu rred  
on ly  r e c e n t ly ,  m ainly  due to  the  la ck  o f s u i ta b le  em u lsify ing  
a g e n ts . S o rb ita n  e s te r s  o f f a t t y  a c id s ,  t h e i r  po lyoxyethy lene  
d e r iv a t iv e s ,  g ly co l e s te r s  and g ly c e ro l e s t e r s ,  a re  nowadays
g e n e ra lly  accep ted  as e f f i c i e n t  e m u ls if ie r s  (M orel, 1958;
/
M arsha ll & W illiam s, 1966). These a re  norm ally  used in  s p e c i f ic  
com binations to  g ive  the  c o r re c t  h y d ro p h il ic - l(p o p h i l ic -b a la n c e  
which ensures th e  s t a b i l i t y  o f th e  em ulsion (Boyde, P ark in so n  & 
Sherman, 1972). The number o f s i l ic o n e  fo rm u la tio n s  (w ith   ̂
d i f f e r e n t  em u lsify in g  ag en ts) which p o ssess  an tifoam ing  
a b i l i t y  i s  v e ry  g re a t and t h e i r  a c t io n  as an tifoam s in  in d u s try  
has been d iscu ssed  in  d e t a i l  (C u r r ie ,1953; H iute, 1971).
The use o f s i l ic o n e s  in  in d u s t r ia l  fe rm en ta tio n s  as an tifoam  
ag en ts  has c e r ta in ly  been encouraged by th e  very  low  le v e ls  o f 
to x ic i ty  th a t  th e se  polymers e x h ib it  (Rowe, 1948) . They seem 
to  be unable to  support m ic ro b ia l growth u n lik e  o th e r an tifo am s.
The use o f  s i l ic o n e s  in  in d u s t r ia l  fe rm e n ta tio n s  has been 
re p o r te d  by Evans (1972), and in  th e  a n t ib io t i c  in d u s try  th ey  
have found a wide and v a rie d  u se , P o ly d im eth y lsilo x an e  
p re p a ra tio n s  (K B ffler & G oldschm idt, 1950) w ith  o le ic  a c id  when 
used as an tifoam ing  ag en ts  in  th e  p ro d u c tio n  o f p e n i c i l l i n  
r e s u l te d  in  g re a te r  oxygen t r a n s f e r  and h ig h e r y ie ld s  of
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p e n i c i l l i n .  S im ila r  o b se rv a tio n s  have been re p o r te d  fo r  
p ro d u c tio n  o f s trep to m y cin  (Coppock, 1950) and noV obiocin 
( S o if e r ,  1966)« Zaley e t  a t ,  (1965) te s t e d  a la rg e  number o f 
s i l ic o n e s  as an tifoam ing  ag en ts  in  c u l tu re s  o f S taphytococcus  
aureus  whose a b i l i t y  to  form a - to x in  i s  v e ry  s e n s i t iv e  to  to x ic  
f a c to r s .  They found th a t  a number o f  s i l ic o n e s  were id e a l  as 
an tifo am in g  ag en ts  i n  th e se  fe rm e n ta tio n s . Furtherm ore they 
found fo r  a  whole ran g e  o f  fe rm e n ta tio n s  t h a t ,  even i f  th e  q u a n ti ty  
o f  s i l ic o n e  an tifo am  needed fo r  d e s ire d  an tifo am in g  a c t io n  was 
exceeded, th e re  was no adverse  e f f e c t  on th e  m etabolism  o f  th e  
b a c te r ia .  K ris ta p so n s  (1972) employed s i l ic o n e s  as an tifo am in g  
ag en ts  in  am ino-acid  producing  fe rm e n ta tio n s . Candida u t i t i s  (an 
L -try p to p h an  p roducer) and B revihac terium  sp ec ie s  22 (an L - ' 
ly s in e  p roducer) were te s te d  and found to  be u n a ffe c te d  by 
th e  p resence  o f  s i l i c o n e .  Tseuddbacterium  'tacticum  392 and 
Pseudomonas t iq u e fa c ie n s  399 showed in c re a se d  am ino-acid  p ro d u c tio n  
when s i l ic o n e s  were t e s t e d ,  a g a in s t a c o n tro l in  which sunflow er 
o i l  an tifoam  was u sed . K ris tap so n s  (1972) suggested  th a t  
in c reased  o x y g e n -tra n s fe r  r a te s  due to  decreased  foam p ro d u c tio n  
may be re s p o n s ib le .
The e f f e c t  o f  s i l ic o n e s  on wine p ro d u c tio n  has been s tu d ie d  
by Ruiz (1964, 1968, 1970), He found th a t  a d d it io n  o f  s i l i c o n e  
antifoam s p reven ted  foam fo rm ation  a t  th e  beg inn ing  o f  th e  
fe rm en ta tio n  and th a t  th e  r e s u l t in g  wine had a h ig h e r c o n c e n tra tio n  
o f a lc o h o l. P rev e n tio n  o f foaming in  t h i s  way a lso  le d  to  th e  
d isappearance o f b a c te r ia  a sso c ia te d  w ith  the  foams, th e re b y
—34—
y ie ld in g  le s s  a c id ic  w ines.
Form ulations made up o f p o ly d im e th y ls ilo x an e  a long  w ith  
o th e r  s u i ta b le  in g re d ie n ts  mixed in  r e f in e d  petro leum  o i l s  
has been employed in  th e  form o f w a te r - in - o i l  em ulsions to  p rev en t 
foaming in  y e a s t and sugar in d u s t r ie s .  The work o f  M el’ t s e r  & 
Kuramshin (1958) has shown th a t  th e  use o f s i l ic o n e s  in  la rg e -  
s c a le  in d u s t r ia l  p ro d u c tio n  o f y e a s t gave in c re a se d  y ie ld s  and 
a  h ig h e r  q u a l i ty  o f  y e a s t  when compared w ith  th e  use o f  o th e r  
an tifo am  a g e n ts .  %t a lso  was re p o r te d  th a t  th e re  w ere no 
ad v erse  e f f e c t s  on th e  y e a s t  e i th e r  m e ta b o lic a lly  o r as reg a rd s  
th e  v i a b i l i t y .
The m ajor b e n e f i ts  o f employing a s i l ic o n e  an tifoam  in  
brew ery fe rm en ta tio n s  has r e c e n t ly  been re p o r te d  ( J . I .  E vans,' 
unpub lished  communication) and th e se  f e a tu re s  dem onstrate  the  
c o n tr ib u tio n  which s i l ic o n e s  can make to  p la n t  economics and 
e f f ic ie n c y . They in c lu d e : ( i )  e f f i c i e n t  c o n tro l o f foam which
allow s an in c re a se  in  fe rm en te r c a p a c ity , ( i i )  b e t t e r  u t i l i s a t i o n  
o f  hop m a te r ia l ,  ( i i i )  no e f f e c t  on th e  y e a s t ,  ( iv )  good head 
r e te n t io n  o f th e  f in a l  b e e r , (v) easy  c lea n in g  o f fe rm en ter 
v e s s e ls  due to  th e  d ecrease  in  foam adhering  to  the  s id e s  and 
(v i)  no s i l ic o n e  rem ain ing  in  th e  f in a l  b ee r a f t e r  removal o f th e  
y e a s t  and tre a tm e n t o f th e  b ee r w ith  ab so rb an ts  and a f t e r  f i l t r a t i o n .  
B inding of S il ic o n e  by Saooharomyoes c e r e v is ia e
Binding o f p o ly d im e th y ls ilo x an e  (PDS) on to  Saooharomyoes 
o e r e v is ia e  NCYC 366 has been s tu d ie d  by Vernon & Rose (1976).
They found th a t  b in d in g  o f PDS has no e f f e c t  on th e  growth or
r e s p i r a to r y  a c t i v i t y  o f th e  y e a s t ,  and the  b in d in g  i t s e l f  i s  n o t 
a f fe c te d  by th e  tem p era tu re  o f  th e  pH va lu e  o f  th e  medium.
I s o la te d  w a lls  bound PDS f a s t e r  than  i n t a c t  o rgan ism s. In cu b a tio n  
o f  w a lls  s a tu r a te d  w ith  PDS in  th e  p resence  o f  b u ffe re d  (pH 8 .0 ). 
EDTA (10 o r  100 mM) caused  th e  r e le a s e  o f  PDS from th e  w a lls .  
However, in c u b a tio n  o f  th e se  s a tu r a te d  w a lls  in  th e  p resence  o f  
8M u rea  d id  n o t le a d  to  any r e le a s e  o f  PDS.
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FLOCCULATION OF YEAST
F lo ccu len ce  i s  one o f th e  most im portan t p ro p e r t ie s  o f 
brew er*s y e a s t .  T his i s  w ell r e f l e c te d  by th e  many rev iew  
a r t i c l e s  in  l i t e r a t u r e  and more e s p e c ia l ly  w ith in  th e  b rew ing- 
o r ie n te d  jo u r n a ls .  The term  ’ f lo c c u le n c e ’ in  brew ing technology 
r e f e r s  to  th e  agg lom eration  o f y e a s t c e l l s  a t  th e  end of 
fe rm e n ta tio n . However, i t  i s  now used in  a more g en era l sense  
to  d e sc r ib e  th e  agg lom eration  o f  y e a s t  c e l l s  suspended in  a 
s u i ta b le  medium o r  b u f f e r  s o lu t io n  which may c o n ta in  calcium  
io n s . The mechanism o f  f lo c c u la t io n  i s  s t i l l  n o t com pletely  
u n d e rs to o d . However i t  i s  g e n e ra lly  b e lie v e d  th a t  th e  d e te r ­
m inants o f f lo c c u le n c e  r e s id e  in  th e  y e a s t  c e l l  w a ll and th e
;
phenomenon i s  m an ife sted  predom inantly  in  th e  s ta t io n a r y  phase 
o f  grow th. Environm ental f a c to r s  too  appear to  p la y  an im portan t 
p a r t  in  y e a s t f lo c c u la t io n .
V arious a sp e c ts  o f y e a s t f lo c c u la t io n  have been review ed by 
many w orkers. Of th e  g en era l surveys to  be found, most com prehensive 
a re  by Burns (1937), Comrie (1952), Jan sen  (1958), M orris (1966), 
Rainbow (1966, 1970), W indisch (1968) and G e ilen k o tten  & Nyns 
(1970a), The g e n e tic a l  a sp e c ts  o f f lo c c u la t io n  have been 
review ed by Thorne (1952), G i l l i la n d  (1957-, 1958, 1971b) 
w h ile  i t s  p o s s ib le  a p p l ic a t io n  to  y e a s t c l a s s i f i c a t i o n  i s  rev iew ed  
by de Becze (1962), G i l l i la n d  (1971c) and S tew art e t  a t ,  (1975). 
A r t ic le s  by Rose (1963), Lyons & Hough (1970c), McWilliams (1970), 
G e ilen k o tten  & Nyns (1971), S tew art (1975) and S tew art e t  a t ,  (1975), 
d iscu ss  the  r e la t io n s h ip  between f lo c c u la t io n  and c e l l -w a l l  s t r u c tu r e .
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I t s  r o le  in  brewery fe rm en ta tio n s  i s  review ed by Cook (1963, 1969) 
and Kleyn & Hough (1971). The fo llo w in g  account aims to  summarize 
th e se  rev iew s and supplem ent where a p p ro p r ia te , w ith  more emphasis 
on th e  physicochem ical and b iochem ical a sp e c ts  o f  y e a s t  f lo c c u la t io n .  
Im p o rtan ce .o f F lo c c u la tio n  in  Brewing
The phenomenon o f f lo c c u la t io n  i s  im portan t to  th e  brewer 
m ainly  because i t  de term ines the  e x te n t o f fe rm e n ta tio n  (th e  
d eg ree  o f  a t te n u a tio n )  o f  h is  w o rts , by c o n tro l l in g  th e  e x te n t 
o f  c o n ta c t between y e a s t  c e l l s  and w ort n u t r i e n t s .  H ighly  
f lo c c u le n t  y e a s ts  s e p a ra te  e a r ly  from suspension  and consequen tly  
tend  to  produce le s s  w e ll a t te n u a te d , sw eeter beers  w ith  th e  
absence o f y e a s ty  f la v o u rs . However th ey  a re  p o s s ib ly  more 
s u s c e p t ib le  to  con tam ination  by sp o ila g e  o rgan ism s. C onversely , 
p o o rly  f lo c c u la t in g  (powdery) y e a s ts  c a r ry  on th e  fe rm e n ta tio n  
f o r  a lo n g e r p e rio d  o f tim e , y ie ld in g  w e ll a t te n u a te d , m ic ro - 
b io lo g ic a l ly  s ta b le  b e e r s .  However such b ee rs  too  may be '
u n d e s ira b le  due to  low c l a r i f i c a t i o n  a n d 'p o s s ib ly  u n p leasan t 
f la v o u rs .  T h e re fo re  th o se  s t r a in s  w ith  in te rm e d ia te  powers o f 
f lo c c u la t io n  a re  g e n e ra lly  s e le c te d  fo r  brew ing. However, in  
b a tch  fe rm en ta tio n s  th e  f lo c c u la t io n  a sp e c t i s  somewhat le s s  
im p o rtan t, as th e  y e a s t could be c e n tr ifu g e d  o f f  when re q u ire d .
But in  con tinuous tow er fe rm en ta tio n s  a p lug  o f  f lo c c u le n t  
y e a s t i s  s a id  to  be e s s e n t ia l .
C la s s i f ic a t io n  o f F L occu lation
The f lo c c u le n c e  c h a r a c t e r i s i t i c s  o f b rew er’ s y e a s ts  have been 
d iscu ssed  and c la s s i f i e d  by many workers in c lu d in g  Hough (1957) ,
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de Becze (1962), Emeisi, (1970), G i l l i la n d  (1951, 1 9 7 1 a ,b ,c ) ,
Thorne (1972) and S tew art e t  a l ,  (1975).
G i l l i la n d  (1951) c a te g o riz e d  to p -fe rm en tin g  brew ing y e a s ts  
in to  fo u r groups acco rd ing  to  t h e i r  f lo c c u le n c e . Those o f  
c la s s  I  a re  com pletely  d isp e rse d  a t  a l l  s tag e s  o f  the  fe rm e n ta tio n , 
w h ile  c la s s  I I  y e a s ts  a re  i n i t i a l l y  com pletely  d is p e rse d , form ing 
sm all lo o se  clumps tow ards th e  end o f th e  fe rm e n ta tio n , and 
th e re fo re  most v a lu ab le  as brew ing s t r a i n s .  C lass I I I  s t r a i n s  
a lso  s e p a ra te  o u t l a t e  in  th e  fe rm en ta tio n  b u t form la rg e  dense 
m asses. C lass  IV y e a s ts  beg in  to  f lo c c u la te  soon a f t e r  th e  
s t a r t  o f th e  fe rm e n ta tio n  because o f  th e  f a i lu r e  o f  newly form ing 
c e l l s  to  s e p a ra te .
Hough (1957) used f lo c c u len c e  c h a r a c te r i s t i c s  to  c l a s s i f y  
p i tc h in g  y e a s t  in to  f iv e  c a te g o r ie s ,  as fo llo w s: (a) form film s
o f  c e l l s  a t  th e  a i r - l i q u i d  su rfa c e  o f  aqueous suspensions o f  
y e a s t  (head fo rm a tio n ); (b) form ag g reg a tes  in  calc ium  c h lo r id e
s o lu tio n s  b u ffe re d  a t  pH 3 .5  which ( i )  d isp e rse d  on a d d itio n  
o f  m a lto se , and ( i i )  f a i l e d  to  ag g reg a te  when e th an o l was added;
(c) form ag g reg a tes  in  calcium  c h lo rid e  s o lu tio n s  b u ffe re d  a t  
pH 5 .0 ; (d) form ag g reg a tes  in  calcium  c h lo r id e  s o lu tio n s  when
an a p p ro p r ia te  second s t r a i n  was p re se n t ( c o - f lo c c u la t io n ) ;
(e) form ch a in s  o f c e l l s  in  m a lt - e x tr a c t  l iq u id  medium (ch a in  
fo rm a tio n ) .
Campbell (1967) dem onstrated  th a t  f lo c c u le n t  n o n -f lo c c u le n t 
s t r a in s  o f th e  same sp ec ie s  o f  y e a s t  were a n t ig e n ic a l ly  id e n t ic a l  
a lthough  th e  r e l a t i v e  amounts o f mannan in  th e  c e l l  w all v a r ie d
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w ith  f lo c c u le n c e . He suggested  th a t  th e  r a t i o  o f  a n t ig e n ic a l ly  
a c t iv e  m a te r ia l  could  p o s s ib ly  be employed as a b a s is  fo r  
c l a s s i f i c a t i o n  a t  l e a s t  fo r  c e r ta in  y e a s t ,
 ̂C o -f lo c c u le n t s t r a in s  have been f u r th e r  in v e s t ig a te d  by 
S tew art (1972) and S tew art & G arriso n  (1972), S tew art e t  a t ,
(1975) c l a s s i f i e d  a le  y e a s t in to  f iv e  c a te g o r ie s ,  on t h e i r  
f lo c c u la t io n  c h a r a c t e r i s t i c s ,  whereas in  la g e r  s t r a in s  they 
re c o g n ise d  o n ly  two c a te g o r ie s  on th e  same b a s i s .  The 
f iv e  c a te g o r ie s  o f a le  s t r a in s  a re ;
(1) N o n -flo ccu len t s t r a i n s .
(2) C o -flo c c u len t s t r a i n s .
(3) S tr a in s  f lo c c u le n t  on t h e i r  own a f t e r  growth in  w o rt, 
b u t n o n -f lo c c u le n t when grown in  b u ffe re d  d e fin ed  
medium o f  g lucose  and ammonium s a l t s  (pH 4 .5 ) ,
(4) S tr a in s  f lo c c u le n t  on th e i r  own a f t e r  grown in  
e i t h e r  w ort o r  glucose-ammonium s a l t s  medium,
(5) C hain-form ing y e a s t s .
The two c a te g o r ie s  o f la g e r  s t r a in s  a re  as fo llo w s:
(1) N o n -flo ccu len t s t r a i n s ,
(2) S tr a in s  f lo c c u le n t  on t h e i r  own even when grown in  
a d e fin ed  medium. No w ort in d u cer i s  n ece ssa ry  in  
th e  growth medium.
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Measurement o f F lo c c u la tio n
The most common method used to  e s tim a te  th e  degree o f f lo c c u la t io n  
o f Saocharomyces c e r e v is ia e  and Sacoharomyces o a r tsh e rg e n s ïs  i s  to  
measure th e  sed im en ta tio n  r a t e  o f  c e l l s  suspended in  a s y n th e t ic  
medium o r  a s u i ta b le  b u f f e r  s o lu t io n .  E xcep tions to  th i s  a re  th e  
methods used by Jo n as , B rie ss  & Minek (1944) and Jansen  &
M endlik (1951, 1953) where e l e c t r i c a l  p ro p e r t ie s  o f  th e  y e a s t  c e l l  
s u rfa c e  were used .
N ie lse n  (1937) m easured th e  sed im en ta tio n  r a t e  by e s tim a tin g  
th e  p ro p o rtio n s  o f y e a s t  o r ig in a l ly  in  th e  upper 75% o f a 
suspension  which passed  in to  th e  low er 25% in  each m inute. The 
amount o f y e a s t was e s tim a te d  by ev ap o ra tin g  samples o f  the  
suspension  to  dryness a t  105°C. In  th e  same y e a r . Bums (1937) 
d e sc rib ed  a method in  w hich he used a y e a s t  su spension  o f  known 
c o n c e n tra tio n  in  sodium a c e ta te  b u f f e r  (pH 4 .6 ) to  measure th e  
sed im en ta tio n  r a t e .  The suspension  (10 ml) was d ispensed  in to  
15 m l. g rad u a ted , tap e red  c e n tr ifu g e  tubes and the  volume o f  the 
s e t t l e d ,  f lo c c u la te d  c e l l s  a t  th e  bottom  was no ted  a f t e r  a 
d e f in i te  in te r v a l  o f tim e. This m ethod,w ith minor m o d if ic a tio n s , 
i s  s t i l l  used fo r  ra p id  e s tim a tio n  o f y e a s t f lo c c u le n c e .
Jonas e t  a t ,  (1944) a ttem p ted  to  r e l a t e  th e  e l e c t r i c a l  
c o n d u c tiv ity  o f y e a s t  c e l l s  to  th e  d e te rm in a tio n  o f th e i r  
f lo c c u len c e  p o te n t ia l  and Jansen  & M endlik (1951, 1953) 
in v e s t ig a te d  flo c c u len c e  u s in g  a m ic ro -e le c tro p h o re tic  method.
An a ttem p t to  c a lc u la te  th e  ’ sed im en ta tio n  c o n s ta n t’ on th e  
b a s is  o f th a t  the  lo g a rith m ic  value  o f  l ig h t  a b so rp tio n  in
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y e a s t  c e l l  suspensions e x h ib ite d  a l in e a r  r e la t io n s h ip  to  tim e 
was made by H artong (1951), w h ile  G i l l i la n d  (1951) used a  
tu rb id o m e tr ic  method to  fo llo w  sed im en ta tio n  o f  y e a s t  c e lls  in  
growth medium.
Helm, Nohr & Thorne (1953), who m odified  th e  method o f 
Burns (1937), recommended th a t  th e  w ater used fo r  w ashing and 
suspending y e a s t should  co n ta in  500 p .p .m . CaSO^, s in c e  they 
confirm ed th a t  calc ium  io n s  a re  n ecessa ry  fo r  th e  ex p re ss io n  o f  
th e  flo c c u len c e  c h a r a c te r i s t i c s  o f y e a s t . Kato & Nishikawa 
(1957) fu r th e r  m odified  th e  method by u s in g  a pho tom etric  techn ique 
to  determ ine th e  amount o f  y e a s t  in  the  upper 80% and low er 20% 
o f  th e  suspension  which had “been allow ed to  s tan d  fo r  5 min a t  
20°C. From th e se  v a lu es  th ey  c a lc u la te d  th e  ’ sed im en ta tio n  
percen tage*  which gave a measure o f  th e  f lo c c u le n c e . Woof 
(1962) produced s o -c a l le d  ^ sed im en ta tio n  curves* by p lo t t in g  th e  
c e l l  count a g a in s t  tim e , fo r  a number o f  d i f f e r e n t  y e a s ts  in  
b e e r .
In  more re c e n t m ethods, th e  r a t e  o f  sed im en ta tio n  o f  y e a s t  
i s  fo llow ed by m easuring the  drop in  the. absorbance w ith  tim e o f 
a suspension  o f y e a s t  in  a b u f f e r  s o lu tio n  o r a s y n th e t ic  medium, 
w ith  o r  w ithou t added calcium  io n s  (C h e ste r , 1963; M ill ,  1964a; 
G in terova & Jano tkova, 1965; G re en sh ie ld s , e t  a%., 1972).
M ill (1964a) c a lc u la te d  th e  ’ sed im en ta tio n  r a t e ’ o f  y e a s ts  by 
u sing  a method in  which he measured the drop in  absorbance w ith  
tim e o f  a suspension  o f  y e a s t  (about 4 .0  mg dry w eight p e r ml)
in  sodium a c e ta te  b u f fe r  (pH 4 .6 ) c o n ta in in g  0,1% (w/v) CaCl .
2
The absorbance read ings were then  converted  to  ap p aren t dry w eight
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o f c e l l s  in  th e  l i g h t  p a th  o f th e  in s tru m en t and th e  s te e p e s t  
n e g a tiv e  s lope  o f th e  g raph , o b ta in ed  by p lo t t in g  dry w eight 
v a lu es  a g a in s t  tim e, was taken  as th e  ’ sed im en ta tio n  r a t e ’ which 
was exp ressed  as yg dry w eight p e r ml. p e r  m in. However, i t  i s  
by no means -c e r ta in  th a t  the  sed im en ta tio n  r a te s  e x a c tly  p a r a l l e l  
th e  a g g reg a tio n  powers o f y e a s t  c e l l s .  But the sed im en ta tio n  
r a te s  o b ta in ed  in  th is  way g ive a measure o f th e  i n i t i a l  r a t e  o f  
f lo c c u la t io n ,  which could  be reproduced w ith  rea so n ab le  accu racy . 
On a s im ila r  theme, G reensh ie ld s e t  a t ,  (1972) used an au tom atic  
re c o rd in g  spec tropho tom eter to  o b ta in  i n i t i a l  f lo c c u la t io n  
v e lo c i t i e s  fo r  sed im enting  y e a s t  taken  from tower fe rm en ta tio n  
system s.
A com paratively  sim ple method o f  g rad ing  f lo e  s iz e  in  a '
v is u a l  m anner, where y e a s t c e l l s  a re  suspended in  a b u f f e r
s o lu t io n ,  has been used by Baker & K irsop  (1972). This method
appears to  be a reaso n ab ly  ra p id  and u se fu l f lo c c u la t io n  t e s t .
Taylor & O rton (1975) d e sc rib ed  a pho tom etric  method fo r
m easuring  ’ f lo c c u la t io n  i n t e n s i t y ’ (F) o f a y e a s t  suspended in
a b u f fe r  s o lu tio n  o f a p a r t i c u la r  io n ic  s t r e n g th ,  c o n ta in in g
Ca^* io n s . The value  o f  F was c a lc u la te d  from the  eq u a tio n :
F = I„o /I -1 ,  where is  th e  r e l a t i v e  tra n sm iss io n  o f l i g h t  2 c m 2o
a t  th e  s tead y  s ta t;e  (28^C) o f  th e  suspension  and I  i s  t h a t  above 
th e  d e f lo c c u la t io n  tem p era tu re , denoted by T^.
Mechanism o f F lo c c u la tio n
As p re v io u s ly  s ta t e d ,  a lthough  th e  im portance o f  f lo c c u la t io n  
in  brew ing technology is  q u ite  a p p a ren t, th e  mechanism o f th e
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p ro cess  i s  s t i l l  n o t com pletely  u n derstood . The su b je c t has 
been review ed by Comrie (1952), Jansen  (1958), Rainbow (1966,
1970), G e ilen k o tten  & Nyns (1971), S tew art e t  a t ,  (1975) and 
S tew art (1975).
(a) G enetics o f f lo c c u la t io n
There i s  good evidence th a t  f lo c c u len c e  i s  g e n e t ic a l ly  
c o n tro l le d  in  Saocharomyces c e v e v is ia e ,  Thome (1951a,b) 
c ro ssed  f iv e  s t r a in s  o f  to p -fe rm en tin g  y e a s t  by th e  method o f  
Winge & L a u s te n ,(1937, 1938) and found th a t  th e  f lo c c u le n t  
p a re n t s t r a in s  gave r i s e  to  f lo c c u le n t  o f f s p r in g ,  whereas th e  
o f f s p r in g  o f  n o n -f lo c c u le n t p a re n ts  were a lso  n o n -f lo c c u le n t. 
However, th e  h y b r id iz a t io n  o f  f lo c c u le n t  s t r a in s  w ith  
n o n -f lo c c u le n t s t r a in s  e i th e r  f a i le d  to  produce spores o r  th e   ̂
o c c a s io n a l spo re  f a i l e d  to  germ ina te , Thome circum vented th e  
problem  by c ro s s in g  a ta k e r * s  y e a s t  w ith  a b rew er’ s y e a s t ,  td iich  
gave r i s e  to  a h y b rid  th a t  produced v ia b le  sp o re s . O bserva tions 
o f  t h e i r  o f f s p r in g  showed th e  p ro p e rty  o f f lo c c u len c e  to  be under 
g e n e tic  c o n tro l and th e  gene c o n tro l l in g  f lo c c u le n c e  to  be dominant 
over th e  gene fo r  n o n -f lo cc u le n ce . A ccording to  Thorne (1951a,b) 
th e  g e n e tic  mechanism, com prises a t  l e a s t  th re e  independent genes, 
th e  p resence  o f  any one s u f f ic in g  to  co n fe r f lo c c u la t in g  
p ro p e r t ie s  on th a t  y e a s t s t r a i n .
However, in  the  same y e a r , G i l l i la n d  (1951) o b ta in ed  
h e te ro zy g o tes  by the  method o f  L indegren & L indegren (1943) 
o f  two s t r a in s  o f Saccharomyces c e r e v is ia e  which d if f e r e d  on ly  
in  t h e i r  f lo c c u la t io n  p ro p e r t ie s  and belonged to  c la s s  I  and IV
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( G i l l i la n d ,  1951) r e s p e c t iv e ly .  From th e  s tu d ie s  made on th e i r  
d escen d an ts , he confirm ed th a t  f lo c c u len c e  i s  a h e re d ita ry  
p ro p e r ty , b u t c o n tro l le d  by on ly  a s in g le  gene. F u r th e r , from 
h is  s tu d ie s ,  Thorne (1951a,b) concluded th a t  m u ta tio n  f a t e  from 
flo c c u len c e  to  n o n -f lo ccu len ce  i s  h ig h , C lay ton , Howard &
M artin  (1972) concluded from th e i r  experim ents in v o lv in g  an 
e x te n s iv e  h y b r id iz a t io n  programme, th a t  f lo c c u len c e  may w ell n o t 
be  a dominant c h a ra c te r  and th a t  th e  g e n e tic a l  b a s is  o f  the  
phenomenon was probab ly  very  complex, R ecen tly , Lewis (1974) 
id e n f i f i e d  th re e  genes fo r  f lo c c u le n c e , two dominant (Flo 1 
and Flo 2) and one re c e s s iv e  gene (Flo 3 ) , The p resence  o f 
on ly  one b e in g  n ecessa ry  fo r  th e  flo c c u len c e  phenotype to  be 
ex p re ssed . Lewis (1974) i s  a lso  o f  th e  o p in io n  th a t  th e re  i s  
in  many cases an in f lu e n c e  o f  a d d i t io n a l  m o d if ie r  genes o r 
cy top lasm ic  g e n e tic  f a c to r s .
(b) E f fe c t o f  environm ent on f lo c c u la t io n
A lthough th e  manner in  which environm ental fa c to r s  
in f lu e n c e  f lo c c u la t io n  i s  s t i l l  to  be ad eq u a te ly  e x p la in ed , i t  
i s  e s ta b lis h e d  th a t  c e r ta in  chem ical and p h y s ica l p ro p e r t ie s  
o f th e  environm ent must f a l l  w ith in  c e r ta in  l im i t s  fo r  
a g g re g a tio n  o f y e a s t c e l l s  to  o ccu r.
S tockhausen (1927), who s tu d ie d  th e  e f f e c t  o f th e  pH v a lu e  o f  
th e  medium on f lo c c u la t io n , re p o r te d  th a t  an in c re a se  in  th e  
hydrogen ion  c o n c e n tra tio n  caused th e  e l e c t r i c a l  charge on th e  c e l]  
su rfa c e  to  d im in ish . There was an in c re a s in g  tendency towards 
f lo c c u la t io n  which reached i t s  maximum a t  pH 3 .8 , when th e  c e l l s
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were e l e c t r i c a l l y  n e u t r a l ,  H artong (1951) co n tin u in g  on th e  same 
theme showed th a t  f lo c c u la t io n  o ccu rred  when th e  pH v a lu e  o f  the  
fe rm e n ta tio n  medium had alm ost reached i t s  f in a l  v a lu e , a t  which 
th e  su rfa c e  charge o f  th e  c e l l  had decreased  to  a minimum.
G i l l i la n d  (1955) review ed th e  in flu en c e  o f  environm ental 
c o n d itio n s  on y e a s t  f lo c c u la t io n  , and in c luded  th e  e f f e c t s  o f 
te m p e ra tu re ,a e ra t io n , a c id i ty ,  e l e c t r i c  charge and th e  p resence  
o f  fe rm en tab le  and non—ferm en tab le  sugars and c e l l u l a r  m e tab o lic  
p ro d u c ts  in  th e  medium. Ferm entable sugars  a re  re p o rte d  to  
p re v e n t f lo c c u la t io n  by many w orkers (L in d q u is t, 1953; Eddy,
1955a; Akin & Krabbe, 1966) w hile  p ro te in s  a re  claim ed to  cause 
f lo c c u la t io n  in  some cases  (S t Jo h n sto n , 1953) and p rev en t 
f lo c c u la t io n  in  o th e rs  (L in d q u is t, 1953; K ijim a, 1954). However, 
s in c e  f lo c c u la t io n  can occur in  d e fin ed  medium c o n ta in in g  g lucose  
and ammonium s a l t s ,  Eddy (1955b ) s ta t e d  th a t  complex w ort c o n s t i tu e n ts  
do n o t n e c e s s a r i ly  p lay  a p a r t ,  in  f lo c c u la t io n .  But r e c e n t ly ,  
i t  has been re p o r te d  th a t  p e p tid e  m a te r ia l  p re s e n t in  w ort can 
induce f lo c c u la t io n  and c o - f lo c c u la t io n  (S tew art e t  a Z ., 1975)j 
This p e p tid e  m a te r ia l  has been is o la te d  and c h a ra c te r is e d  by 
S tew art e t  a t ,  (1975) and i t s  s t r u c tu r e  has been compared and found 
s im ila r  to  th a t  re p o rte d  fo r  th e  a - f a c to r  in vo lved  in  sexual 
a g g lu tin a tio n  o f  h ap lo id  a and â  c e l l s  o f Saccharomyces c e re v ts 'ta e .
Regarding the  tem pera tu re  o f the medium, i t  has been long 
recogn ized  th a t  the lower the  tem p era tu re  th e  g re a te r  the  f lo c c u la t io n .  
M ill (1964b) re p o r te d  th a t  r a i s in g  the  tem peratu re  o f  th e  medium 
to  50 -  60°C caused com plete d e f lo c c u la t io n  o f f lo c c u le n t  y e a s t .
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T ay lo r & O rton (1975) used th e  term  ’ f lo e  d is s o c ia t io n  te m p e ra tu re ’
(T^) to  denote th e  tem pera tu re  a t  which com plete d e f lo c c u la t io n
o f  a f lo c c u le n t  suspension  o f  y e a s t  o ccu rred ,
2+- M ill (1964b) re p o r te d  th a t  Ca ions a re  e s s e n t ia l  fo r  f lo c c u la t io n
and, a t  a c o n c e n tra tio n  o f 0 ,2  m mol per l i t r e ,  a lm ost com plete
2 +f lo c c u la t io n  would o ccu r. The e f f e c t  o f  Ca^ ions on f lo c c u la t io n
i s  an tagon ized  by m onovalent ions such as Na*, T ay lo r & O rton
(1973) found th a t  th e  a lk a l in e —e a r th  m eta ls  s tro n tiu m  and barium ,
as w e ll a s  calcium -com plexing su b stan ces  i n h i b i t  f lo c c u la t io n  in
s t r a in s  o f Sacoharomyces c e r e v is ia e .  L a te r  they (T ay lo r & O rton ,
2+1975) confirm ed th a t  a  requ irem en t fo r  sm all amounts o f Ca i s
e s s e n t ia l  fo r  f lo c c u la t io n  as re p o rte d  by M ill (1964b), and s p e c i f ic
s in c e  Mg  ̂ o r  o th e r  b iv a le n t  m eta ls  cannot re p la c e  i t .  However
2+they  a lso  s ta te d  th a t  the  c o n c e n tra tio n  o f  f r e e  Ca in  s o lu t io n
re q u ire d  fo r  f lo c c u la t io n  i s  in  th e  re g io n  o f  10 ® m o le s .p e r
l i t r e  and i s  much le s s  than  re p o r te d  by M ill (1964b). The
involvem ent o f Ca^* in  f lo c c u la t io n  was ex p la in ed  by M ill (1964b)
and e a r l i e r  by H a rr is  (1959) who suggested  th e  fo rm ation  o f  s a l t
2+b rid g e s  where a Ca ion  jo in s  two carboxyl groups a t  th e  su rfa c e  
o f  two y e a s t  c e l l s ,  the  s t r u c tu r e  thus formed be in g  s t a b i l i z e d  by 
hydrogen-bonding between complementary hydrogen and hydroxyl 
groups in  th e  s u r fa c e . In  su p p o rt o f  such a th e o ry . M ill (1964b) 
dem onstrated  th a t  tre a tm e n t o f  p o te n t ia l ly  f lo c c u le n t  y e a s t  w ith
1 ,2  epoxypropane (an ag en t fo r  e s te r i f y in g  carboxyl groups) 
causes d e f lo c c u la t io n , due to b lo ck in g  o f  carboxyl groups.
He a lso  showed th a t  the  tre a tm e n t w ith  urea which decreases  hydrogen
—4 7 -
bonding caused d e f lo c c u la t io n  o f p o te n t ia l ly  f lo c c u le n t  y e a s ts .
However, Lyons & Hough (1970a, b , 1971) who fu r th e r  s tu d ie d  
2+th e  Ca c ro s s -b r id g in g  h y p o th esis  o f M ill (1964b), suggested  th a t
i t  i s  phosphate groups in  the  c e l l  w a ll and n o t carboxyl
2+
groups th a t  a re  jo in e d  through Ca b r id g e s , .  In  su p p o rt o f th i s
th eo ry  they  found th a t  w a lls  o f f lo c c u le n t  s t r a in s  o f Saccharomyces
cereV'tS'CaSj which co n ta in ed  more phosphorus on the  w a ll su rfa c e
th an  n o n -f lo c c u le n t s t r a i n s ,  bound tw ice as much calc ium  compared
to  w a lls  o f  n o n -f lo c c u le n t s t r a i n s .  Furtherm ore th ey  found th a t
e s t é r i f i c a t i o n  o f  th e  carboxyl groups o f  the  w a ll su rfa c e  w ith
1 ,2  epoxypropane caused a drop o f  on ly  20% in  th e  calcium  b in d in g
c a p a c ity  o f the  w all in d ic a t in g  th a t  th e  p a r t  p layed  by carboxyl
groups i s  m inor b u t s ig n i f i c a n t .  ^
R ecen tly , S tew art e t  a t ,  (1975) re p o rte d  th a t  s tu d ie s  on th e  
2+ .a d so rp tio n  o f  Ca ions by th e  c e l l  w a ll o f Saccharomyces ce '^evzsiae  
and c a r tsh e rg e n s îs  f a i l e d  to  re v e a l any s ig n i f ic a n t  d if fe re n c e s  
in  t o t a l  uptake between f lo c c u le n t  and n o n -f lo c c u le n t s t r a in s .
They su g g ested  th a t  th e  c o n tr ib u t io n  o f  calc ium  ions to  f lo c c u la t io n  
i s  n o t th e  a b so lu te  amount o f  th i s  ion  adsorbed by th e  y e a s t c e l l  
w all b u t r a th e r  th e  s te r é o - s p e c i f ic  manner by which i t  i s  bound, i . e .  
i t s  p o s i t io n  r e l a t i v e  to  th e  th re e  dim ensional s t r u c tu r e  o f  the  
y e a s t  c e l l  w a ll .
Another p ro p e rty  o f th e  medium which has a s ig n i f ic a n t  e f f e c t  
on f lo c c u la t io n  i s  the  d i e l e c t r i c  c o n s ta n t. M ill (1964b) 
showed th a t  an in c re a se  in  th e  d i e l e c t r i c  c o n s ta n t o f  the medium 
causes d e f lo c c u la t io n . A d d itio n  o f  o rg an ic  so lv e n ts  such as
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e th a n o l, m ethanol, iso -p ro p a n o l, ace to n e  o r d ioxane, which
decreased  th e  d i e l e c t r i c  c o n s ta n t o f  th e  medium^caused non- /
f lo c c u le n t  y e a s t to  f lo c c u la te .
R ecen tly , T aylor & O rton (1975) who f u r th e r  s tu d ie d  th e
e f f e c t  o f th e  environm ent on f lo c c u la t io n  re p o r te d  th a t  th e
io n ic  s tre n g th  o f  th e  medium p lays an im portan t p a r t  and th a t
th e  optimum io n ic  s tr e n g th  fo r  R o c c u la tio n , which depends on th e
y e a s t  s t r a i n ,  l i e s  in  th e  range 0 .005  -  0 .0 5 .
(c ) P hysico-chem ical a sp e c ts  o f f lo c c u la t io n
There i s  ev idence th a t  most brew er’ s y e a s ts  behave as
n e g a tiv e ly  charged c o l lo id s  in  aqueous suspension  a t  th e  pH va lue
o f  w orts and b ee rs  (pH 3 .8  -  5 .6 ) .  At more a c id  pH v a lu e s ,
r e v e r s a l  o f  charge may ta k e  p la ce  depending on th e  s t r a i n .  /'
A lthough b o th  f lo c c u le n t  and n o n -f lo c c u le n t y e a s ts  behave in
t h i s  way, th e  form er a re  b e lie ^ n d  to  c a r ry  th e  low er charge
(Jansen  & M endlik, 1951).
F lo c c u la te d  y e a s ts  a re  d e f lo c c u la te d  by washing in  d i s t i l l e d
w a ter o r  d i lu te  s o lu t io n s  o f  c a lc iu m -c h e la tin g  ag en ts  such as
EDTA, and r e f lo c c u la te d  by a d d it io n  o f d iv a le n t o r p o ly v a le n t
2+ .c a t io n s ,  e s p e c ia l ly  Ca A p o s s ib le  ex p lan a tio n  o f th e se
o b se rv a tio n s  is  t h a t ,  when th e  charge on th e  c e l l s  reach es  a 
c e r ta in  minimum en ab lin g  t h e i r  m utual re p u ls io n  to  become 
in s ig n i f i c a n t ,  they  may f lo c c u la te  under th e  a c tio n  o f o th e r 
fo rc e s .  The observed  e f f e c t s  o f pH v a lu e  and d iv a le n t  and 
p o ly v a le n t c a tio n s  a re  c o n s is te n t  w ith  such a th eo ry  (Rainbow, 
1966).
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However, Eddy & Rudin (1958b) who s tu d ie d  th e  e le c tro p h o re t ic  
m o b ility  o f s t r a in s  o f Saocharomyces cere t'ts 'ia e  and cartsbergens'Cs 
found th a t  th i s  was independent o f  t h e i r  f lo c c u la t io n  c h a r a c te r i s t i c s .  
These r e s u l t s  in d ic a te  th a t  f lo c c u le n c e  and su rfa c e  charge o f  the  
y e a s t  c e l l  a re  n o t i n t e r r e l a t e d .  However th i s  does n o t exclude 
the  p o s s ib i l i t y  o f charged groups o f  the  su rfa ce  tak in g  an a c tiv e  
p a r t  in  f lo c c u la t io n .
(d) B iochem ical a sp e c ts  o f  f lo c c u la t io n
A ccounts o f  th e  p o s s ib le  mechanism o f y e a s t  f lo c c u la t io n  
based  on th e  involvem ent o f c e l l - w a l l  components a re  abundant 
in  th e  l i t e r a t u r e .  The s t r u c tu r a l  c o n f ig u ra tio n  o f th e  c e l l -w a l l  
components appear to  p la y  a v e ry  im portan t p a r t  i n  th e se  c o n s id e ra tio n s .
Eddy & Rudin (1958c) found th a t  tre a tm en t o f  is o la te d  w a lls  
o f Saocharomyces c e r e v is ia e  w ith  p a p a in  d estro y ed  f lo c c u le n c e .
They a t t r i b u t e d  th i s  to  th e  lo s s  o f a mannan-p ro te  in  complex 
from th e  c e l l  w a ll ,  which was th e  p r in c ip a l  p roduct made so lu b le  
by th e  papain  tre a tm e n t. T\fo types o f chem ical groups, each 
p robab ly  c a r r ie d  by th e  mannan—p ro te in  complex, were p o s tu la te d  
to  be invo lved  in  the  f lo c c u la t io n  mechanism a t  l e a s t  in  those  
s t r a in s  which ag g reg a te  on ly  in  p a ir s  (c o - f lo c c u le n c e ) .
In  th e  fo llo w in g  y e a r ,  H a rr is  (1959) a s s o c ia te d  f lo c c u la t io n
w ith  th e  te rm in a tio n  o f  fe rm e n ta tio n  and thus w ith  the  s ta t io n a r y
phase o f  grow th. The requ irem en t fo r  b iv a le n t  c a t io n s ,  e s p e c ia l ly  
2+ 2+ .Ca and Mg in  the  c e l l u l a r  environm ent le d  to  th e  su g g es tio n  
th a t  s a l t  b rid g es  a re  formed between two y e a s t  c e l l s ,  in  which 
m etal ions a re  h e ld  by two ca rb o x y la te  ions and two c o -o rd in a te
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l in k s  from s u i ta b ly  p laced  donor groups one from each s e p a ra te  
y e a s t  c e l l .
M asschelein  e t  à t ,  (1963) claim ed th a t  th e  p e rio d  o f  d e f lo c c u la tio n  
co in c id es  w ith  a s y n th e s is  o f  mannan and a cco rd in g ly  t h a t  t h i s  
p o ly sacch arid e  a c ts  as a r e g u la to r  o f  the in te n s i ty  o f  f lo c c u la t io n ,  
by masking more o r  le s s  com pletely  th e  a c t iv e  groups o f  the  
s p e c if ic  f r a c t io n  c a r ry in g  the  f lo c c u len c e  c h a r a c te r .  T heir 
com parative s tu d y  o f  a f lo c c u le n t  and a powdery s t r a i n  o f  
Sacoharomyces c e re v is ia e ^  in  th e  p resen ce  o f  2 ,4  d in itro p h e n o l, 
showed th a t  th e  f lo c c u le n t  s t r a in  p o ssessed  an i n t r a c e l l u l a r  
b iochem ical mechanism which allow ed ra p id  u t i l i z a t i o n  o f  mannan. 
Chrom atographic a n a ly s is  o f  p ro te in  h y d ro ly sa te s  from w a lls  o f  
c e l l s  h a rv e s te d  a t  th e  end o f  fe rm en ta tio n  were c h a ra c te r iz e d  by 
an in c re a s e  o f  30 -  40% in  t o t a l  amino a c id s . Taking in to  
account th e  p a r a l l e l  d ec rease  in  mannan co n ten t a t  th e  end o f 
fe rm e n ta tio n  they  concluded th a t  i t  i s  e s s e n t i a l ly  th e  r a t i o  o f  
mannan to  p ro te in  th a t  determ ines th e  p h y s io lo g ic a l s t a t e  o f th e  
c e l l .  Jeunehorame-Ramos, C as tia u  & M asschelein  (1964) assumed 
th a t  f lo c c u len c e  was a c y c l ic  phenomenon, the  d u ra tio n  o f  the  
phases depending on the  r a te s  o f  sy n th e s is  and d e g rad a tio n  o f 
mannan.
At th i s  p e r io d  many th e o r ie s  began to  flo o d  th e  l i t e r a t u r e  
on the  mechanism o f f lo c c u la t io n  . M ill (1964a) suggested  
somewhat c o n tra d ic t in g  ' th e  th eo ry  p u t forw ard by M asschelein  
e t  a t ,  (1963), th a t  m aintenance o f  n o n -f lo cc u le n ce  was dependent 
upon the  p resence in  th e  w all o f a n itro g en o u s compound and th a t
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p o te n t ia l  f lo c c u le n c e  developed when th i s  compound was no t 
sy n th es ized  a t  a r a t e  s u f f i c i e n t  to  m a in ta in  a h igh  enough 
le v e l  in  th e  w a ll to  mask a c e r ta in  mannan c o n s t i tu e n t  c o n fe r r in g  
f lo c c u le n c e . M ill (1964b ) re p o r te d  th e  involvem ent o f  carboxy l 
groups c a r r ie d  by a c id ic  am ino-acid  re s id u e s  ( a s p a r t ic  and 
glu tam ic a c id s )  in  th e  p ro te in ,  s in c e  e s t é r i f i c a t i o n  o f  th e se  
groups w ith  1 ,2  epoxypropane d estro y ed  th e  a b i l i t y  o f c e l l s  to  
a g g re g a te . He a lso  p u t forw ard a h y p o th e s is , s im ila r  to  th a t  
o f H a rr is  (1959), in  which f lo c c u la te d  c e l l s  were though t to  
be lin k e d  by s a l t  b r id g e s ,  where two carboxyl groups on th e
2+su rfa c e  o f  d i f f e r e n t  c e l l s  a re  lin k e d  to g e th e r  through a Ca 
io n  b r id g e . F urtherm ore th i s  s t r u c tu r e  was assumed to  be 
s ta b l iz e d  by hydrogen-bonds. K ijim a (1 9 6 4 ),by tre a tm e n t o f
y e a s t  c e l l s  w ith  d i lu te  a lk a l in e  s o lu t io n s  a t  room te m p e ra tu re , 
o b ta in e d  two m a te r ia ls  f lo c c u le n t  and n o n - f lo c c u le n t ,  and t h e i r  
behav iour in  v a rio u s  media was s im ila r  to  th a t  o f  th e  y e a s t  
i t s e l f .  The im p o rtan t d if f e re n c e  in  th e  com position  o f  th e se  
two m a te r ia ls  was in  th e  p o ly sac c h a rid e  c o n te n t , which was about 
6% o f th e  p ro te in  co n ten t in  th e  H occu len t m a te r ia l  and 36% in  
th e  n o n -f lo c c u le n t m a te r ia l .  He su g g ested  th a t  the  o r ig in  o f 
th e  n o n -f lo c c u le n t c h a ra c te r  o f in ta c t  powdery y e a s ts  may p o ss ib ly  
be a p ro te in -p o ly sa c c h a r id e  complex on th e  c e l l  s u r fa c e . The p o ly ­
sacch arid e  when p re se n t would mask th e  fu n c tio n a l groups o f th e  
p ro te in  which o th e rw ise  would make y e a s t c e l l s  f lo c c u le n t  
e sp e c ia l ly  n e a r pH 4 .5 .
The phosphomannan component o f th e  c e l l  w a ll began to  assume
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g re a te r  s ig n if ic a n c e  a t  th i s  s ta g e . A gain, M ill (1966) dem onstrated  
th a t  th e  degree o f p h o sp h o ry la tio n  o f  mannan v a r ie d  from one 
phosphate to  19 mannose re s id u e s  in  n o n -f lo c c u le n t y e a s t  to  one 
phosphate to  13 mannose re s id u e s  in  f lo c c u le n t  y e a s t .  In  th e  
fo llo w in g  y e a r , I to  (1967a) found th a t  th e  co n ten t o f a c id -  
so lu b le  phosphorus compounds in  th e  c e l l  w a ll o f  f lo c c u le n t  y e a s ts  
was h ig h e r th an  th a t  o f  n o n -f lo c c u le n t y e a s ts .  In  an o th er 
p u b lic a t io n  in  th e  same y e a r ,  he  ( I t o ,  1967c) co n sid ered  th a t  
n e g a tiv e  charges on Sacoharomyces c e r e v is ia e  a re  gen era ted  by 
phosphate groups lo c a te d  n ea r th e  su rfa c e  o f  th e  c e l l .  He 
suggested  th a t ,  when th e  a c t i v i t y  o f  energy m etabolism  o f  
c e l l s  i s  v ig o ro u s , th e  n e g a tiv e  charge d e n s ity  on th e  su rfa c e  
i s  h igh  and th e  y e a s t  c e l l s  r e s i s t  f lo c c u la t io n .  When th e  ) 
a c t i v i t y  o f  energy m etabolism  o f c e l l s  i s  decreased  t h e i r  
n e g a tiv e  charge d e n s ity  f a l l s  and th e  y e a s t  c e l l s  f lo c c u la te .
I to  (1967b) went on to  conclude th a t  th e  fundam ental su b stan ce  
governing f lo c c u la t io n  i s  th e  s o - c a l le d z y m o c a s e in ’ f r a c t io n  o f  
n u c le o p ro te in  a s s o c ia te d  w ith  th e  plasm a membrane. F urtherm ore
a.<A So-fp+«o\A o f
he ( I to ,  1967d) s ta te d  th a t^ ta n n in  complexes formed by * _ t
" w ort p ro te in  onto tn e  c e l l  su rfa c e  g re a t ly  in c re a se d  th e  
f lo c c u la t in g  power o f a y e a s t .
In  a s e r ie s  o f p a p e rs , Lyons & Hough (1970a, b ,  1971) d iscu ssed  
th e  ro le  p layed  by phosphomannan in  calcium  b in d in g  and how th i s  
c o r r e la te s  w ith  y e a s t  f lo c c u la t io n .  They showed th a t  w a lls  from 
f lo c c u le n t  s t r a in s  o f  Saccharomyces c e r e v is ia e  have h ig h e r  
co n ten ts  of phosphorus in  th e  o u te r  la y e rs  and b ind  tw ice as much
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calcium  as w a lls  ftom  n o n -f lo c c u le n t s t r a i n s .  Furtherm ore they
suggested  th e  involvem ent o f  phosphate groups of phosphomannan
2+in  th e  fo rm atio n  of c ro s s -b r id g e s  through Ca ions d u ring  
f lo c c u la t io n .  They f a i l e d  to  f in d  a c o r r e la t io n  betw een th e  
s iz e s  o f mannan s id e -c h a in s  o r a c id ic  am ino-acid c o n ten ts  in  
th e  w a lls  and f lo c c u la t io n ,  and deduced th a t  the  c a p a c ity  o f c e l l s  
to  f lo c c u la te  by c ro s s -b r id g in g  was p ro p o r tio n a l to  the  number o f 
phosphate groupings p re s e n t in  th e  o u te r  la y e r s  o f phosphomannan- 
p ro te in  of th e  c e l l - w a l l .
G r i f f in  & MacWilliam (1969)found th a t  th e  in c re a se  in  th e  
w all co n ten t o f y e a s t c e l l s  as they  pass to  th e  s ta t io n a r y  phase 
was g re a te r  in  f lo c c u le n t  s t r a in s  th a n  in  n o n -f lo c c u le n t s t r a i n s .
They a lso  s tu d ie d  th e  n i tro g e n , phosphate and carb o h y d ra te  c o n ten ts  
o f  th e  w a ll and f a i le d  to  f in d  a s ig n i f ic a n t  tren d  in  any o f th e  
components which could be  r e l a t e d  to  f lo c c u le n t  o r n o n -f lo c c u le n t 
b eh av io u r. This endorsed an e a r l i e r  re p o r t  by Anderson (1967) 
who had advocated a more enzymic ap p ro a ch 'to  the  s u b je c t .
Cawley & B allou  (1972) o b ta in ed  evidence f o r  two s t r u c tu r a l l y  
and a n t ig e n ic a l ly  d i f f e r e n t  Sacchoœomyoes- c e r e v is ia e  c e l l - w a l l  
mannans, b u t com parison between se v e ra l f lo c c u le n t  and n o n -f lo c c u le n t 
s t r a in s  f a i le d  to  show a c le a r - c u t  d if f e re n c e  in  th e  mannan 
s t r u c tu r e  o r  in  th e  d i s t r ib u t io n  o f phosphomannan. The absence o f  
such d if fe re n c e s  led  them to  conclude th a t  a g g lu tin a t io n  of y e a s t  
c e l l s  could n o t be ex p la in ed  on th e  b a s is  o f s a l t - b r id g e s  a lo n e .
There would thus appear to  have a r is e n  two d i s t i n c t  fa c t io n s  h e re .
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F i r s t l y ,  th e re  a re  th o se  who advocate  a p u re ly  chem ical th eo ry
which e x p la in s  f lo c c u la t io n  as due to  s a l t - b r id g e s  formed by
2+charged groups o f the  c e l l  w a ll th rough Ca ions and f u r th e r  
s ta b i l i z e d  by l in k s  o f th e  hydro gen-bond ty p e . Secondly , th e re  
a re  th o se  who, w hile  no t n e c e s s a r i ly  d ism iss in g  th i s  h y p o th e s is , 
env isage  a much more complex mechanism perhaps in v o lv in g  se v e ra l 
d i f f e r e n t  in te r a c t io n s  supplem ented by the  s a l t - b r id g e s .
G e ilen k o tten  & Nyns {1970b) were a b le  to  e f f e c t  th e  
f lo c c u la t io n  o f a Saccharomyces c e r e v is ia e  s t r a i n  im m ediately 
a t  th e  o u ts e t  o f  i t s  s ta t io n a r y  phase o f growth by adding a 
g lu c a n a se -r ic h  s n a i l  ju ic e  enzyme p re p a ra t io n  to  th e  medium. 
Subsequently  in  a B .I .R .F . Annual R eport ( J .  I n s t .  B rew ., 
b io ch em istry  s e c t io n , 1972) i t  was s ta te d  th a t  exam ination  o f  a 
wide range o f  y e a s ts ,  f i r s t  by a t ta c k  w ith  enzymes from s n a i l  
gu t fo llow ed by coup ling  w ith  f lu o r e s c e in  is o th io c y a n a te , 
showed th a t  th e  enzymic tre a tm e n t a l te r e d  th e  sed im en ta tio n  
r a t e ,  as judged by th e  ’Helm t e s t ’ , o f ex p o n en tia l and s ta t io n a r y  
phase c e l l s  o f many n o n -f lo c c u le n t y e a s ts  b u t changed th e  r a t e  
on ly  o f ex p o n en tia l phase c e l l s  o f f lo c c u le n t  y e a s ts .  The 
re p o r t  a lso  s ta te d  th a t  removal o f w all p o ly sacch a rid es  ( c h ie f ly  
mannan), w ith  0.05N sodium hydrox ide b rough t about lo s s  o f 
f lo c c u len c e  th e reb y  confirm ing  th e  connec tion  o f th i s  p o ly -  
sac c a rid e  w ith  f lo c c u le n c e .
W illiam s & Wiseman (1973) claim ed th a t  lo s s  o f f lo c c u la t in g  
a b i l i t y  o f y e a s t  co in c id ed  w ith  th e  r e le a s e  o f 70% of th e  manno- 
p ro te in  enzymes, ac id  phosphatase  and in v e r ta s e ,  from the  c e l l  
w a ll .  They concluded th a t  th e . r o le  p layed  by th e se  enzymes in
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f lo c c u la t io n  i s  to  c o n tro l phosphate-C a in te r a c t io n s .
Work c a r r ie d  ou t by S tew art e t  a t ,  (1973) r e s u l te d  in  a
r e tu r n  to  the  n o tio n  o f  p ro te in  carboxyl groups being  re s p o n s ib le
2+f o r  th e  c e l l  s u r fa c e ’s r o le  in  f lo c c u la t io n  by in v o lv in g  Ca in  th e
medium. They found th i s  mechanism to  o p e ra te  a t  l e a s t  in  c e r ta in
c o - f lo c c u la t in g  s t r a i n s .  S tew art e t  a t ,  (1975) and Day, Poon
& S tew art (1975) re p o r te d  th a t  e le c tro n  m icroscopic  exam inations
a
o f  e ther-w ashed  y e a s t  c e l l s  revq^edd t h a t ,  whereas th e  c e l l s  o f a 
n o n -f lo c c u le n t c u l tu re  appeared to  be f r e e  from e x tra —c e l l u l a r  
p r o je c t io n s ,  c e l l s  from f lo c c u le n t  c u ltu re s  were covered w ith  an 
e x te n s iv e  la y e r  o f s p ic u le s  o r h a i r - l i k e  p ro tu b e ra n c es . Tliey ^  
a lso  s ta te d  th a t  o b se rv a tio n s  made on a le  s t r a i n s ,  which a re  
f lo c c u le n t  when grown in  w ort medium b u t n o n -f lo c c u le n t when 
grown in  glucose-ammonium s a l t s  medium, showed th a t  th e  c e l l s  
do po ssess  th e  h a i r - l i k e  p r o je c t io n s  when grown in  w ort medium b u t 
n o t when grown in  glucose-ammonium s a l t s  medium.
F in a l ly  F ish e r  (1975), who s tu d ie d  th e  e le c tro p h o r e t ic  m o b il i ty -  
pH p a t te r n s  o f f lo c c u le n t  and n o n -f lo c c u le n t s t r a in s  o f  Saccharomyoes 
c e r e v is ia e ,  observed a pH-dependent re -a rran g em en t o f an u n d e rly in g  
su rfa ce  p ro te in  la y e r  in  th e  f lo c c u le n t  s t r a i n  NCYC 1109. However, 
h e  could n o t o b ta in  any evidence o f a s im ila r  re -a rran g em en t w ith  
o th e r  f lo c c u le n t  s t r a i n s .
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The study re p o r te d  in  th i s  th e s is  was undertaken  in  o rd e r  to  
in v e s t ig a te  some b in d in g  p ro p e r t ie s  o f  the c e l l  w all o f Saccharomyces 
c e r e v is ia e  w ith  s p e c ia l  re fe re n c e  to b in d in g  o f p o ly d im e th y ls ilo x an e  
and .c e l l - c e l l  b in d in g  ( f lo c c u la t io n ) .  In  th e  case  o f  PDS b in d in g , 
some f a c to r s  a f f e c t in g  th e  b in d in g , c e l l -w a l l  components re s p o n s ib le  
fo r  the  b in d in g  and th e  e f f e c t  of PDS b in d in g  on some p ro p e r t ie s  
e x h ib ite d  by th e  c e l l  w a ll were in v e s t ig a te d .  In  th e  case o f  
f lo c c u la t io n ,  th e  e f f e c t  o f  removal o f phosphorus from th e  
phosphomannan o f  th e  c e l l  w a ll on th e  r a t e  o f sed im en ta tio n , and 






In  th e  study o f  p o ly d im e th y ls ilo x an e  (PDS) b in d in g  by y e a s t ,  
th e  s t r a i n  used was Saccharomyces c e r e v is ia e  NCYC 356. The study  
on f lo c c u la t io n  was c a r r ie d  o u t u s in g  fou r s t r a in s  o f Saccharomyces 
c e r e v is ia e ;  namely NCYC 366, NCYC 1004, NCYC 1005, NCYC 1063.
The f i r s t  two o f  th e se  fo u r  s t r a in s  were o f th e  n o n -f lo c c u le n t 
type  and th e  o th e r  two o f  th e  f lo c c u le n t  ty p e , as m easured u s in g  
th e  techn ique  d e sc rib e d  by M ill (1964a).
Stock c u ltu re s  o f organism s were m ain ta ined  on s lo p es  
c o n ta in in g  0.3% (w/v). m a lt e x t r a c t  (Munton and F iso n  L td . ,  
Stow m arket), 0.3% (w/v) y e a s t  e x t r a c t ,  0.5% (w/v) m ycological 
pep tone, 1.0% (w/v) g lu c o se , and 2.0% (w/v) a g a r ; (MÏGP medium, 
Wickerham, 1951), which were s t e r i l i z e d  by a u to c la v in g  a t  15 Ib / in ^  
(10.34 X 10^ Pa) fo r  15 m in. S lope c u ltu re s  were t r a n s f e r r e d  
a t  monthly in te r v a l s .  Four c u ltu re s  o f organism s were used in  
weekly su cc e ss io n . Two su b c u ltu re s  were made on each o c ca s io n . 
A f te r  48 h in c u b a tio n  a t  30°C, one c u l tu re  was used fo r  ro u t in e  
in n o c u la tio n  and th e  o th e r  was s to re d  a t  4°C fo r  fu tu re  su b c u ltu r in g . 
The p u r i ty  o f  organism s was checked a t  in te r v a ls  by p la t in g  o u t. 
Experim ental Media
Batch c u ltu re s  o f Saccharomyces c e r e v is ia e  NCYC 366 fo r  th e  
s tudy  o f PDS b in d in g  were grown in  a medium (pH 4 .5 ) which had th e  
fo llow ing  com position  in  g p e r l i t r e  o f d i s t i l l e d  w a te r;
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(NH^>2S0^ 3 .0
KH^PO  ̂ 3 .0
MgSO^.TH^O 0 .25
CaCl2 2H20 0 .25  .
G lucose 20.0
Y east e x t r a c t  1 .0
The medium was au to c lav ed  a t  10 l b / i n  ^ ( 6 .8g x 10^ Pa) fo r  10 min. 
For experim ents on f lo c c u la t io n ,  organism s were grown in  
MYGP medium (pH 5 .0 ; Wickerham, 1951). This had th e  fo llo w in g  
com position  in  g per l i t r e  o f  d i s t i l l e d  w a te r:
M alt e x t r a c t  (Munton and F ison  L td .>Stowmarket) 3 .0
Y east e x t r a c t  3.0^
M ycological peptone 5 .0
Glucose 1 0 .0
The medium was au to c lav ed  a t  15 Ib / in ^  (10.34 x 10^ Pa) 
fo r  15 min.
Experim ental C u ltu re s
Organisms were grown batchw ise  in  o n e - l i t r e  p o r tio n s  o f medium 
in  tw o - l i t r e  round f la t-b o tto m ed  f la s k s .  C u ltu re s  were incubated  
a t  30°C, w ith  s t i r r i n g  by means o f th e  ap p ara tu s  d e sc rib ed  by 
P a tch in g  & Rose (1970). To grow organism s fo r  PDS b in d in g  s tu d ie s  
o n e - l i t r e  ba tch es  o f medium were in n o cu la ted  w ith  a p o r t io n ,  from 
a 24 h c u l tu re  grown in  the  same m edium ,containing approx im ate ly
1 .0  mg dry  w eight e q u iv a le n t o f organism s. C u ltu res  were 
incubated  ovem ighc a t  30°C and h a rv e sted  in  the  m id -ex p o n en tia l
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phase o f grow th, when a c e l l  c o n c e n tra tio n  o f 0 .2 2  -  0 .2 5  mg dry  
w eigh t e q u iv a le n t per ml had been reached .
To grow organism s fo r  f lo c c u la t io n  experim en ts, o n e - l i t r e  
b a tch es  o f  medium were in n o c u la ted  w ith  a p o r t io n  from a 24 h 
c u l tu re  grown in  MYGP medium, c o n ta in in g  approx im ately  10.0  mg 
dry  w eight e q u iv a le n t o f organ ism s. The c u l tu re s  were incubated  
a t  30°C and h a rv e sted  in  th e  s ta t io n a r y  phase o f growth when a  
c e l l  c o n c e n tra tio n  o f approx im ate ly  1 .3  -  1 .5  mg dry  w eight 
e q u iv a le n t per ml had been reach ed .
Organisms were h a rv e s te d  b y  c e n tr ifu g in g  a t  0°C in  an MSB 
High Speed 18 c e n tr i fu g e , a t  2000 Organisms re q u ire d  fo r
experim ents o th e r  th an  on f lo c c u la t io n  were washed in  0 . IM-KH^PO^ 
b u f fe r  (pH 4 .5 ) and used im m ediately . Organisms re q u ire d  fo r  
f lo c c u la t io n  s tu d ie s  were washed tw ice  in  w a te r , f r e e z e -d r ie d  
and s to re d  a t  4^C over s i l i c a - g e l  in  a  vacuum d e s ic c a to r .
ANTIFOAM PREPARATIONS
Ant i f  cam M-10
The b a s ic  an tifoam  p re p a ra t io n  used in  th e se  experim ents was 
’Antifoam  M-10’ (Dow Corning L t d . , B arry , Glamorgan, U .K .). This 
had the fo llo w in g  com position  in  g:
P o ly d im eth y lsilo x an e  (PDS) 9 .5
S i l i c a  0 .5
P olyoxyethylene s o rb ita n  m onosteara te  (PSMS) 3 .0
G lycero l m onosteara te  (CMS) 2 .0
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Sodium carboxy m ethyl c e l lu lo s e  (SCMC) 1 .5
S o rb ic  ac id  0 .075
W ater 83.425
O ther A ntifoam  P re p a ra tio n s
The an tifoam  p re p a ra tio n s  used to  s tudy  th e  e f f e c t  o f • 
c o n s t i tu e n ts  o th e r  than  PDS in  A ntifoam  M-10 on PDS b in d in g  by 
y e a s t  w ere p repared  in  th e  la b o ra to ry . In  the  p re p a ra t io n  o f 
th e s e  an tifo am s. A ntifoam  M (Dow C orning L td .)  which was a  d is p e r s io n  
o f  s i l i c a  (5.0%, w/w) in  p o ly d im e th y ls ilo x an e  was used . The 
com position  o f  th e se  was th e  same as Antifoam  M-10 excep t th a t  th e  
c o n c e n tra tio n  o f one c o n s t i tu e n t  was v a r ie d .
t
;
BINDING OF POLYDIMETHYLSILOXANE (PDS) TO SACCHARQdYCES CEREVLSIAE
B inding o f PDS by SacoJiaromyoes eeT ev is ia e
Washed c e l l s  o f Saccharomyces cerev is 'ia e  were suspended in  
O.lM-KHgPO^ b u f f e r  (pH 4 .5 ) to  a  c o n c e n tra tio n  o f 2 .5  mg dry 
w eigh t e q u iv a le n t p e r m l. P o r tio n s  o f th i s  su spension  (40 ml) 
were p ip e t te d  in to  250 ml c o n ic a l f la s k s  and to  each f la s k  a 0.1% 
(w/v) s o lu tio n  o f an tifoam  em ulsion (10 ml) in  O.IM-KH^PO^ b u f f e r  
(pH 4 .5 ) was added. The f la s k s  were in cu b ated  a t  3 0 on an 
o r b i t a l  shaker (G-lO G yrotory Shaker, New Brunswick S c ie n t i f i c  
Co. Inc.,N ew  Brunswick, U .S.A .) a t  300 rev  per min. Samples 
were removed a t  p redeterm ined  tim e in te r v a l s ,  and th e  organism s 
were removed by c e n tr i fu g a t io n  a t  about 1000 The su p e rn a ta n t
was removed c a r e fu l ly  and th e  PDS co n ten t o f th e  y e a s t  p e l l e t  was 
then  e s tim a te d .
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E x tra c t io n  and E s tim a tio n  o f PDS
The y e a s t  p e l l e t  was suspended in  w ater to  a c o n c e n tra tio n  
o f  app rox im ate ly  4 .0  mg dry  w eight e q u iv a le n t per ml and 
t r a n s f e r r e d  in to  a 100 ml screw -capped g la s s  b o t t l e .  4 -M ethy l- 
p en tan -2 -o n e  (0 .5  ml p e r ml o f suspension) was th en  added to  the  
b o t t l e  and shaken on a G r i f f in  f la s k  shaker (G r i f f in  and George Ltd.^ 
M iddlesex,U .K .) fo r  30 min. The c o n te n ts  o f the  b o t t l e  was 
c e n tr ifu g e d  fo r  one m inute and top  MIBK^layer was removed c a r e f u l ly  
w ith  a P a s te u r  p ip e t t e .  The amount o f  PDS in  th e  sample was 
e s tim ated  u sing  a Pye-Unicam SP 90A s e r ie s  2 atom ic a b so rp tio n  
sp ec tro p h o to m ete r (Pye-Unicam Ltd.^Cam bridge U .K .) . A b lan k  o f  
MIBK was used to  zero  th e  in s tru m e n t. S i l i c a  p re s e n t in  th e  y e a s t  
p e l l e t  does n o t in t e r f e r e  w ith  the  e s tim a tio n  o f  PDS by th i s  
method (N eal, 1969).
ENZYMIC AND CHEMICAL TREATMENT OF SACCEAR(MYCES CEEEWSIAE
Enzymic and Po tassium  Hydroxide T reatm ents
Washed organism s (100 mg dry  w eight e q u iv a le n t)  were suspended 
in  a s o lu t io n  (10 ml) o f t r y p s in ,  g ( l-3 ) -g lu c a n a s e  o r po tassium  
h yd ro x id e . The suspension  was in cu b ated  on an o r b i t a l  shaker 
( a t  300 re v  per min) a t  30°C. D e ta ils  o f  th e  c o n d itio n s  fo r  
th e  tre a tm en ts  a re  g iven  in  Table 1.
A fte r  tre a tm e n t, th e  organism s o th e r  than  those  t r e a te d  w ith  
3(1-3) g lucanase were washed th re e  tim es in  O.IM KH^PO  ̂ b u f f e r  
(pH 4 .5 ) .  The washed organism s were suspended in  40 ml o f  th e  
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t r e a te d  w ith  3 (1“ 3 )g lu can ase  were washed in  l.OM s o r b i to l  (pH 4 .5 ) .  
The washed organism s were suspended in  40 ml o f th e  same s o lu t io n
and used as a sample to  s tudy  PDS b in d in g .
The methods used to  t r e a t  in t a c t  c e l l s  o f SaooharomyQes 
cerevi.s 'iae  w ith  t r y p s in  and po tassium  hydrox ide were m o d if ic a tio n s  
o f th e  methods used by Lyons & Hough (1970b, 1971) and McMurrough & 
Rose (1967), r e s p e c t iv e ly ,  to  t r e a t  c e l l  w a lls  o f y e a s t w ith  th e  
same re a g e n ts .
H y d ro flu o ric  Acid Treatm ent
F re e z e -d r ie d  organism s (100 mg) were incu b ated  w ith  h y d ro f lu o r ic
ac id  (58 -  62%, v /v ;  1 .0  ml) a t  0°C in  a po ly thene  tube fo r  3 -  5h.
The tube  was th e n  cooled to  about -60°C in  a b a th  of s o l id  COg/ 
e th an o l and a c a lc u la te d  q u a n ti ty  of 2N KOH was then  added alm ost 
to  n e u t r a l iz e  th e  h y d ro f lu o r ic  a c id . The m ix tu re  was th en  
allow ed to  warm to  0°C and th e  pH v a lu e  a d ju s te d  to  7 .0  w ith  
s o l id  K^CO^» The organism s were th en  c e n tr ifu g e d  and washed 
f iv e  tim es w ith  d i s t i l l e d  w a te r . The washed organism s were 
f r e e z e -d r ie d  and s to re d  a t  4°C over s i l i c a - g e l  in  a vacuum 
d e s ic c a to r .  T reatm ent o f i s o la te d  c e l l  w a l ls ,  w ith  th e  above 
mentioned re a g e n ts , was c a r r ie d  o u t by u sin g  methods id e n t ic a l  to  
th o se  used to  t r e a t  whole c e l l s .
PREPARATION OF YEAST CELL WALLS
In  th e  p re p a ra t io n  o f y e a s t  c e l l  w a lls , th e  method o f 
McMurrough & Rose (1967) was used to  se p a ra te  c e l l  w a lls  from 
in ta c t  o rgan ism s.
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Washed y e a s t c e l l s  (200 -  300 mg dry  w eight e q u iv a le n t)  in  20 ml 
o f 0 .1  M KH^PO  ̂ b u ffe r  (pH 4 .5 ) were shaken a t  0°C, in  a hom ogeniser 
(B. Braun ap p ara teb au , M elsungen, W. Germany) w ith  30 g o f  g la s s  
beads (G la sp e rlen , 0 .17  — 0 .1 8  mm d ia m e te r , B. Braun apperatebau) 
fo r  2 min a t  4000 rev /m in . The hom ogeniser b o t t l e  was cooled w ith  
a spray  of l iq u id  carbon d io x id e . The beads were allow ed to  
se p a ra te  and th e  suspension  of unbroken c e l l s  and c e l l  w a lls  was decanted  
The beads were washed a few tim es w ith  ic e -c o ld  O.IM KH^PO  ̂ b u f f e r  
and the  w ashings were pooled w ith  the  suspension  o f unbroken c e l l s  
and c e l l  w a lls .  The su spension  was then  c en tr ifu g e d  a t  1300 ^  fo r  
15 min a t  0°C. The m ix tu re  o f unbroken c e l l s  and c e l l  w a lls  was 
washed f iv e  tim es in  ic e -c o ld  KH2^®^ b u f f e r  and the  upper la y e r  
o f th e  p e l l e t ,  which c o n ta in s  c e l l  w a l ls ,  was sep a ra ted  by ' 
suspending in  d i s t i l l e d  w a te r , c a re  b e in g  tak en  n o t to  d is tu rb  
th e  low er la y e r  o f unbroken c e l l s .  The w a lls  were washed t m  
tim es in  ic e -c o ld  d i s t i l l e d  w a te r . Absence o f i n t a c t  organism s 
from th e  c e l l - w a l l  p re p a ra t io n  was e s ta b  kshed by m icroscop ic  
exam ination of m ethylene b lu e -s ta in e d  p re p a ra t io n s  (Chattaw ay,
1968). The w a lls  were th en  f re e z e -d r ie d  and s to re d  a t  4°C over 
s i l i c a  ge l in  a vacuum d e s ic c a to r .
ANALYTICAL METHODS
D eterm ination  o f C arbohydrate
The g lucan  and mannan co n ten t of c e l l  w a lls  of Saccharomyces 
c e r e v is ia e  were determ ined by th e  method o f McMurrough & Ross (1967) 
which is  a m o d if ic a tio n  o f  th e  su lp h u ric  a c id /c a rb a z o le  d i f f e r e n t i a l
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e x t in c t io n  method o r ig in a l ly  d esc rib ed  by D ische (1927, 1930) and
l a t e r  em bellished  by Gurin & Hood (1939),S ie b e r t  & Atno (1946)
and Holzman, M acA llis te r & Niemann (1947).
D u p lica te  p o r tio n s  (0 .5  ml) o f  suspensions co n ta in in g  th e
e q u iv a le n t o f 100 -  500 pg dry w eight o f c e l l  w a lls  were
d ispensed  in to  b o il in g  tubes and aqueous su lp h u ric  a c id  (5 .0  ml;
8 v o l .  conc. H^SO^: one v o l .  o f  w ater) was added to  each tu b e .
The tubes were then  v ig o ro u s ly  shaken and allow ed to  cool a t
room te m p e ra tu re . C arbazole re a g e n t (0 .3  ml, co n ta in in g  0.5%,
w/v, carb azo le  in  95% v /v  e th an o l) was added to  each tu b e .
The tubes were covered w ith  aluminium cap s , the  c o n ten ts  r a p id ly
mixed, and tubes p laced  in  a b a th  o f  b o i l in g  w ater fo r  10 min.
A f te r  co o lin g  th e  e x tin c t io n s  o f th e  s o lu tio n s  were measured ^
a t  435 nm and 535 nm in  c u v e tte s  (one cm p a th  le n g th ) in  a
TJnicam SP 500 sp ec tro p h o to m ete r. S tandard  s o lu tio n s  of g lu co se ,
mannose and g lucose w ith  mannose were assayed in  t r i p l i c a t e  w ith
each d e te rm in a tio n . The r a t i o  o f g lucose  to  mannose in  samples
o f hydro lysed  c e l l  w a lls  were e s tim ated  from v a lu es  o b ta in ed  fo r
th e  r a t i o  E __r/E ,_ r w ith  c a l ib r a t io n  curves in  which va lues fo r  535 435
th i s  r a t i o ,  o b ta in ed  by u s in g  m ix tu res o f known com position , were 
p lo t te d  a g a in s t th e  p e rcen tag e  o f g lucose and mannose in  the  
m ix tu re s . Then from th e  re a d in g , th e  a b so lu te  amounts o f
each hexbse could be e s tim a te d .
D eterm ination  o f P ro te in
The t o t a l  n itro g e n  co n ten t o f y e a s t w a lls  was determ ined by 
the  m ic ro -K je ldah l te ch n iq u e .
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A p o r tio n  o f suspension  (0 .5  ml) c o n ta in in g  about 6 mg dry 
w eight p e r ml was p laced  in  a m icro -K je ldah l f la s k  and 0 .5  ml o f 
th e  d ig e s t io n  m ix ture  (conc. HgSO  ̂ c o n ta in in g  th re e  K je ld ah l 
c a ta ly s t  t a b l e t s ,  selen ium , per 100 m l; B.D.H. chem icals L td . ,
P o o le , D o rse t, U.K.) was added. The m ix tu re  was then  re f lu x e d  
in  a m ic ro -K je ld ah l ap p ara tu s  fo r  about one hour u n t i l  i t  became 
c o lo u r le s s .  Then th e  m ix ture  was n e u tra l iz e d  w ith  s a tu ra te d  
NaOH and made up to  10 ml w ith  ammonia—fre e  d i s t i l l e d  w a te r .
A c o lo r im e t r i c  method d e sc rib e d  by S earcy , Reardon &
Foreman (1967) and F ra se r  & R ussel (1969) was used to  determ ine 
th e  n itro g e n  co n ten t o f th e  m ic ro -K je ldah l d ig e s t .
To 0 .5  ml o f  t h i s  d ig e s t  1 .0  ml o f re a g e n t A and 1 .0  ml o f 
re a g e n t B were added,mixed and incubated  in  a w ater b a th  a t  37^C 
f o r  10 min. R eagent A co n ta in ed  8.5% (w/v) sodium s a l i c y l a t e  and 
0.06% (w/v) sodium n i t r o p ru s s id e  in  ammonia-free d i s t i l l e d  w a te r . 
Reagent B con ta ined  0.25% (w/v) sodium d ic h lo ro iso c y a n u ra te  in  0.3N 
NaOH. The m ix tu re  was then  made up to  f iv e  ml w ith  am m onia-free 
d i s t i l l e d  w ater and mixed th o ro u g h ly . The e x t in c t io n  of th i s  
s o lu t io n  a t  660 nm was measured in  a Unicam SP 600 spec tropho tom eter 
a g a in s t  a reag en t b lan k , u s in g  c u v e tte s  o f one cm pa th  le n g th .
The p r o te in  co n ten t was c a lc u la te d  by m u ltip ly in g  the  v a lu e  fo r  
t o t a l  n itro g e n  by a f a c to r  6 .3 .
D eterm ination  o f Phosphorus
For th e  d e te rm in a tio n  of phosphorus in  y e a s t w a lls  th e  method 
o f Chen, T o rib ara  and Warner (1956) which i s  a m o d if ic a tio n  o f the  
o r ig in a l  methods d e sc rib ed  by Ammon & H insberg (1936) and Lowry g t  d l.
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(1954) was used . Y east w a lls  (about 10 mg dry w eight) were 
weighed in to  a Pyrex g la ss  tube and f iv e  drops o f  th e  ash in g  
a c id  m ix ture  (p e rc h lo r ic ,  72%, v /v * : conc su lp h u r ic , 3 :2) were
added • The tube  was then  hea ted  on an e l e c t r i c  d ig e s t io n  rack  
in  a fume cupboard u n t i l  the  l iq u id  became c le a r .  The m ix ture  
was then  cooled  and made up to  25 ml w ith  d i s t i l l e d  w a te r . One 
ml o f th i s  s o lu tio n  was made up to  4 .0  ml w ith  d i s t i l l e d  w a ter and
4 .0  ml o f a re a g en t m ix ture  c o n ta in in g  one volume o f  6N su lp h u r ic  
a c id , two volumes o f d i s t i l l e d  w a te r , one volume o f ammonium 
m olybdate (2.5%, w/v) and one volume o f a sc o rb ic  a c id  (10%, w/v) 
were added. The s o lu t io n  was tho rough ly  mixed and incubated  
in  a w ater b a th  a t  37°C fo r  1 -  2 h . The e x t in c t io n  o f  th i s  
s o lu t io n  a t  820 nm was m easured u sin g  a Unicam SP 600 s p e c tro ­
photom eter a g a in s t  a re a g en t b lan k  and c u v e tte s  o f one cm p a th  
le n g th .
MEASUREMENT OF ELECTROPHORETIC MOBILITY OF SACCEAECM YCES CEBE WSIAE
The e le c tro p h o r e t ic  m o b ility  o f y e a s t  a t  d i f f e r e n t  pH v a lu es  
was measured u sin g  a C arl Z e iss  Cytopherom eter (C arl Z e iss  Oberkochen, 
W. Germany) by a m o d if ic a tio n  o f the  method by Somers & F ish e r 
(1967). Movement o f c e l l s  was timed over approx im ate ly  80 ym in  
bo th  d ire c t io n s  (c u rre n t r e v e r s a l ) . Each m o b ility  va lu e  was th e  
mean o f  a t  l e a s t  20 o b se rv a tio n s . M o b ility  was measured at.
30°C using  y e a s t  su sp en sio n s , in  th e  a p p ro p r ia te  b u f f e r ,  c o n ta in in g  
0 .5  mg dry w eight eq u iv a len t o r 10^ organism s per ml. The b u ffe rs  
used in  th ese  experim ents (G itten s  & James, 1963) were as fo llo w s:
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pH 1 .5  and 2 .0  NaCl/HCl
pH 3 ,0  -  9 .0  NaCl/sodium  a ce ta te /so d iu m  b a rb itu ra te /H C l
pH 10 NaCl/sodium ace ta te /so d iu m  barb iturate /N aO H
B u ffe rs  had an io n ic  s t r e n g th  o f  0 .0 5  o r  0 .0 0 5 . The c o n d u c tiv ity  
o f  b u f f e rs  was m easured w ith  a G r i f f in  c o n d u c tiv ity  b r id g e  
( G r i f f in  & George L td .>M iddlesex , U .K .).
STAINING OF SACCEAROmCES CEREILSIAE WITH FLUORESCENT ANTIBODY.
Growth o f SaQchoTomyces c e r e v is ia e
Sacoharomyaes cerev 'tsvae  NCYC 366 was grown in  Saboraud 
d e x tro se  b ro th  fo r  th re e  days a t  30°C w ith  s t i r r i n g  by means o f 
th e  ap p ara tu s  d e sc rib ed  by P a tch in g  & Rose (1970). The medium
i
had th e  fo llo w in g  com position  in  g per l i t r e  o f d i s t i l l e d  w a te r : 
Id e o lo g ic a l  pep tone 10.0
G lucose 40 .0
The medium was s t e r i l i z e d  by a u to c lav in g  a t  15 Ib / in ^  (10.34 x 10** pa) 
fo r  15 m in.
The c e l l s  w ere h a rv e s te d  by c e n tr ifu g in g  a t  2000 ^  and washed 
th re e  tim es in  s t e r i l e  O.IM phosphate b u f f e r  (pH 7 .0 ) .  Tlie washed 
c e l l s  were suspended to  a c o n c e n tra tio n  o f  approx im ate ly  10® c e l l s  
p e r ml in  s t e r i l e  0.85% (w/v) s a l in e  and s to re d  in  s t e r i l e  screw - 
capped b o t t l e s  a t  -20^C. A ll o p e ra tio n s  were c a r r ie d  o u t under 
s t e r i l e  c o n d itio n s .
P ro d u ctio n  o f A ntiserum
A n ti-y e a s t  an tise ru m  was p repared  by th e  method d e sc rib e d  by 
K laushofer & D orfw irth  (1970). H ealthy  a d u lt  r a b b i ts  (approx im ate ly
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2 .5  -  3 .0  kg w eight) were in je c te d  w ith  the  p re p a ra t io n  o f 
Saooharomyoes cerevis'Cae NCYC 366, u s in g  th e  fo llo w in g  ro u t in e .
The f ig u re s  below r e f e r  to  th e  volume (ml) o f th e  y e a s t  
su spension  in je c te d  in to  th e  p e r ip h e ra l  v e in  o f  th e  e a r .
Day 1 1 .0
Day 2 1 .2
Day 8 1 .6
Day 12 2 .5
Day 16 1 .3
Day 20 2 .5
Day 24 2 .5
On th e  28th  day, approx im ate ly  30 ml o f  blood was taken  from 
th e  e a r  v e in , allow ed to  c lo t  and th e  serum se p a ra te d  a f t e r  
s ta n d in g  a t  4°C o v e rn ig h t. The t i t r e  o f  th e  serum was e s tim a te d  
h y  immunof lu o r é s cen t s ta in in g .  The serum was s to re d  under l iq u id  
n itro g e n  in  sea le d  am pules.
Immunof lu o r é s cen t S ta in in g  P rocedure
The im m unoflucrescent s ta in in g  o f y e a s t  was c a r r ie d  o u t by 
th e  method d esc rib ed  by R ichards & Cowland (1967).
The y e a s t  c e l l s  were washed se v e ra l tim es in  d i s t i l l e d  w ater 
and th e  c o n c e n tra tio n  o f the suspension  a d ju s te d  to  approx im ate ly
1 ,5  X 10® c e l l s  p e r  m l. A smear was made on a g re a s e - f re e  
m icroscope s l i d e ,  a i r - d r i e d  and f ix e d  in  acetone fo r  10 min. The 
smear was covered w ith  in a c t iv e  c a l f  serum (Wellcome Reagents L td ., 
Beckenham, K ent, U.K.) fo r  15 min, follow ed by washing in  s a l in e  
(0.85%, w/v) b u ffe re d  to  pH 7 .2  w ith  phosphate b u f fe r  (O.OIM;
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Cowland, 1968) fo r  30 m in. The s p e c i f ic  ( r a b b i t )  a n t i - y e a s t  
serum was then  added to  th e  s l id e  a t  i t s  p redeterm ined  t i t r e  
and allow ed to  r e a c t  fo r  30 min, a f t e r  which tim e the  serum 
was removed by w ashing in  p h o sp h a te -b u ffe red  s a l in e  f o r  
an o th er 30 min. F in a l ly  the  a rea  o f  th e  smear was covered 
w ith  a n t i - r a b b i t  (sheep) immunoglobin ( f lu o re s c e in  la b e l le d  ; 
Wellcome Reagents L td .)  fo r  an o th er 30 min, fo llow ed by 
a  f i n a l  wash o f  40 min in  p h o sp h a te -b u ffe red  s a l i n e .
The smear was th en  mounted in  p h o sp h a te -b u ffe red  g ly c e ro l 
(10%, w /v, pH 7 .2 , R ichards & Cowland, 1967) and the  
c b v e rs lip  was se a le d  w ith  p a r a f f in .
M icroscopic Exam ination o f  Smears
\
M icroscopic exam ination  o f smears was c a r r ie d  ou t u s in g  ' 
a  L e i tz  W etz ler ’ORTHOPLAN* m icroscope (E rn s t L e itz  GMBH, 
F e t z l e r ,  Germany) f i t t e d  w ith  a L e i tz  W etz le r f lu o re s c e in  
v e r t i c a l  i l lu m in a to r  h av in g  a f i l t e r  com bination recommended 
fo r  f lu o re s c e in  is o th io c y a n a te  m icroscopy. The smears 
were il lu m in a te d  w ith  u l t r a v i o l e t  r a d ia t io n ,  th e  source  b e in g  
an Osram H.B. 200 m ercury vapour lamp.
U lt r a v io le t  Photography
P ho tograph ic  re c o rd s  were made w ith  Kodak Ektachrome ER 
f i lm  usin g  a L e itz  W etz le r ’ORTHOMAT’ camera f i t t e d  to  th e  
m icroscope. The f i lm  speed used was 400 ASA (27 DIN).
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STAINING OF SACCHARQdYCES CEREVTSIAE WITH FLUORESCEIN ISOTHIOCYANATE- 
CONJUGATED CONCANAVALIN A
C onjugation  o f F lu o re sc e in  Iso th io c y a n a te  to  C oncanavalin A.
F lu o re sc e in  iso th io c y a n a te  was con jugated  to  concan av alin  A 
by th e  method o f Tkacz e t  a t ,  (1971).
F lu o re sc e in  is o th io c y a n a te  was d is so lv e d  (0 .94 mg p e r ml) in
O.IM Na^HPO^. To 0 .48  ml o f  th i s  s o lu t io n  was added 11.9 mg 
o f  con can av alin  A in  0 .6  ml o f  l.OM NaCl. The r e a c t io n  m ix tu re  
was in cu b a ted  a t  room tem peratu re  (c a . 22°C) fo r  3 h and th en  
d ia ly z ed  o v e rn ig h t a t  4°C a g a in s t  2 l i t r e s  o f  l.OM NaCl. A f te r  
removing any p r e c ip i t a t e  by c e n tr i fu g a t io n  a t  0°C th e  m ix tu re  
was p u r i f ie d  u sin g  a column o f  Sephadex G-75. This p roduct 
was f u r th e r  p u r i f i e d  by d ia ly s in g  a g a in s t  2 l i t r e s  o f l.OM NaCl 
a t  4°C o v e rn ig h t. The p u r i f ie d  p roduct was s to re d  a t  -20°C 
i n  se a le d  ampules.
S ta in in g  o f  Saccharomyces c e re v zs ia e  w ith  F lu o re sc e in  
Iso th io cy an a te -C o n can av a lin  A con jugate
The method o f s ta in in g  used was as d e sc rib e d  by Tkacz e t  at*
(1971). However th e  mounting s o lu t io n  used was p h o sp h a te -b u ffe red  
g ly c e ro l (10%, w /v; pH 7 .2 ) d e sc rib ed  by R ichards & Cowland (1967). 
U l t r a v io le t  M icroscopy and Photography
The methods used fo r  th e se  s tu d ie s  were th e  same as th o se  
d e sc rib ed  fo r  im m unofluorescence s tu d ie s  o f y e a s t .
MEASUREMENT OF INVERTASE ACTIVITY OF SACCHAR04 YCES CERE MSIAE
I n v e r ta s e  (3 -D -frn c to fu ran o s id e* % frn c tb h y d ro lase , B.C. 2 .2 .1 .2 6 )  
was assayed  by a method based  on th a t  o f  S u tto n  & Lampen (1962).
The re a c t io n  m ix ture  was as fo llo w s:
N y s ta tin  suspension  (200 pg/m l) 0 .2 5  ml
C e ll su spension  (200 pg dry  w eight 0 .2 5  ml
e q u iv a len t/m l)
Sucrose s o lu t io n  (10%, w/v) in  a c e ta te  0 .5 0  ml
b u f f e r  (pH 5 .0 )
The s o lu tio n s  were mixed thoroughly  and in cu b ated  in  a w a ter
b a th  a t  30°C fo r  15 min. The r e a c t io n  was stopped by adding  a
s p a tu l a - t ip  f u l l  o f  CaCO_ powder and h e a tin g  in  a b a th  o f  b o i l in g
J )
w ater fo r  5 min. I t  was n ecessa ry  to  add CaCO^ to  p re v e n t a c id  
h y d ro ly s is  o f  su c ro se . A f te r  d ecan tin g  th e  su p e rn a ta n t and 
d i lu t in g  s u i ta b ly  , th e  g lucose  p re s e n t  was assayed  u sin g  a 
b lood sugar (GOD-pefid method) t e s t  k i t  (B oehringer GMBH- 
Mannheim, W. Germany). This t e s t  k i t  was used acco rd in g  to  th e  
in s t r u c t io n s  su p p lie d , excep t th a t  d e p ro te in is a t io n  was found to  
be unnecessary . The in v e r ta s e  a c t i v i ty  was c a lc u la te d  d i r e c t l y ,  
a f t e r  s u b tr a c t io n  o f th e  c o n tro l v a lu e . The c o n tro l va lue  was 
o b ta in ed  by b o i l in g  a t e s t  sample w ith  calc ium  carb o n ate  fo r  
f iv e  m inutes b e fo re  in c u b a tin g  w ith  su c ro se .
EXTRACTION OF LIPIDS FROM SACCHAROMYCES CEREVISIAE
L ip id s  were e x tra c te d  from Saccharomyces c e r e v ts ia e  by th e  
method o f  L e t te r s  (1968) w ith  th e  m o d if ic a tio n  by H unter & Rose
(1972). F re e z e -d r ie d  c e l l s  o f  Saccharomyces c e r e v is ia e  (200 mg)
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were suspended in  h o t e th y l a lco h o l (20 m l, 95%, v /v ) and 
m ain ta ined  a t  80°C fo r  15 min, w ith  s t i r r i n g .  Then th e  
su sp en sio n  was cooled to  room tem p era tu re  and f i l t e r e d .
The c e l l s  were resuspended in  m ethyl a lco h o l (15 ml)and s t i r r e d  
a t  room tem peratu re  fo r  10 min. To th i s  ch loroform  (15 ml) 
was added and s t i r r e d  fo r  3 h a t  room tem p era tu re . The c e l l s  
were f i l t e r e d  and the  methyl a lco h o l/ch lo ro fo rm  tre a tm e n t was 
re p e a te d  tw ice  more f o r  3 h and 2 h  r e s p e c t iv e ly .  Then the  
c e l l s  were f i l t e r e d  washed fo u r  tim es in  d i s t i l l e d  w ater and 
f r e e z e -d r ie d .
MEASUREMENT OF FLOCCULATION OF SACCEAB(M YCES CEBEVLSIAE
— — — — — — — — — — — — — — — — —— —
I
F lo c c u la tio n  o f Saccharomyces c e rev is 'ia e  was measured by s. 
m o d if ic a tio n  o f  th e  methods d e sc r ib e d  by M ill (1964a) and 
G reen sh ie ld s  e t  at* (1972). Y eas t c e l l s  were suspended 
to  a c o n c e n tra tio n  o f approx im ate ly  4 ,0  mg dry w eight 
e q u iv a le n t per ml in  e i th e r  0.05M sodium a c e ta te  b u ffe r  
(pH 4 .5  )co n ta in in g  0.1% (w/v) calc ium  c h lo rid e  o r in  
d e io n ized  w a te r . A p o r tio n  (3 ml ) o f  th is  suspension'-was 
t r a n s f e r r e d  in to  a c u v e tte  (1 cm path  len g th ) and th e  
e x t in c t io n  a t  600 nm was measured a g a in s t  a b lan k  in  a 
Unicam SP 1800 spectropho tom eter (Pye-Unicam L td .)  w ith  an 
au tom atic  p en -reco rd er over a p e rio d  o f 5 -  10 min. E x t in c tio n  
v a lu es  were converted  to  mg dry w eight e q u iv a le n t per ml u sing  
a c a l ib r a t io n  curve and a graph p lo t te d  o f dry w eight o f y e a s t  
per ml a g a in s t  tim e. S ed im en ta tion  r a te s  (S .R .) were c a lc u la te d  
by m easuring the  maximum slo p e  on the  curve and a re  expressed
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as pg dry  w eight p e r ml p e r min.
MEASUREMENT OF CALCIUM BINDING BY WALLS OF SACCHAROMYCES CEREVISIAE
, Calcium b in d in g  by i s o la te d  c e l l  w a lls  was m easured by 
suspending  .f r e e z e -d r ie d  w a lls  (50 mg dry w e ig h t) , th a t  had been 
washed in  10 mM EDTA, in  0.05M sodium a c e ta te  b u f f e r  (pH 4 .5 ,
10 ml) c o n ta in in g  3 .6  mmol CaCl^ and approx im ately  0.4mCi of 
Ca^^Clg p e r l i t r e  (Helm e t  a t ,   ̂ 1953). The r e a c t io n  m ix tu re  was p la ce d  in  
a 50 ml c o n ic a l flLask c o n ta in in g  a p o ly th en e -co v e red  magnet 
(2 cm lo n g ) . The f la s k  was in cu b ated  in  a w a ter b a th  
m ain ta in ed  a t  30^C. The w a lls  were k ep t suspended by s t i r r i n g  
w ith  a m agnetic s t i r r e r .  Samples (2 ml) were w ithdrawn a f t e r  
40 min and f i l t e r e d  through membrane f i l t e r s  (2 .5  cm diam , 0 .45  
pm pore  s i z e ;  Oxoid L td .,L ondon U .K .) th a t  has been washed 
w ith  10 ml p o r tio n s  of 3 .6  mM CaCl^ i n  sodium a c e ta te  b u f f e r  
(pH 4 .5 ) .  A fte r  f i l t r a t i o n  the c e l l s  and f i l t e r s  were 
im m ediately washed w ith  10 ml p o r tio n s  o f  th e  same b u f f e r  
s o lu t io n .  Using fo rcep s  th e  f i l t e r s  were t r a n s f e r r e d  in to  
s c i n t i l l a t i o n  v ia ls  (20 ml c a p a c ity , Beckman Instrum en t L td . ,
G len ro th es , F i f e ,  S co tlan d ) c o n ta in in g  10 ml o f U nisolve 
s c i n t i l l a t i o n  f lu id  (Koch-Light L a b o ra to rie s  L t d . , C olnbrcok,
Bucks, U .K .). The r a d io a c t iv i ty  o f th e  samples was measured 
u s in g  a ’P h i l l ip s  L iqu id  s c i n t i l l a t i o n  A n a ly se r’ . The amount 
o f calc ium  bound i s  ex p ressed  as pg p er lOOmg dry w eight of 




A ll chem icals o th e r  than  those  l i s t e d  below o r  s ta t e d  o th e rw ise  
w ere o b ta in ed  from B.D.H. Chemicals L td . ,  P o o le , D o rse t, U .K ., and 
were o f ’A n a la r’ grade when a v a i la b le .
S u p p lie r




2 . F isons S c ie n t i f i c  A pparatus L td ., 
Loughborough,
L eices t e r s h i r e ,
U.K.
3 . Pharm acia (G .B .) L td .,
London,
U.K.
4 . Calbiochem L td . ,
London,
U.K.




1. Po lyoxyethy lene  s o rb i ta n  
m onosteara te  (Tween 60)
1. 4-m ethyl p en tan -2 -one
2. H y d ro flu o ric  a c id  
(58 -  62% v /v )  '
1 . C oncanavalin  A
1, F lu o re sc e in  is o th io c y a n a te
1. Sodium d ic h lo ro iso c y a n u ra te
Enzymes
C ry s ta l l in e  t ry p s in  was o b ta in ed  from B.D.H. Chemicals L t d , , 
P o o le , D o rse t, U.K. and a p re p a ra t io n  o f 3 (1 -3 ) g lucanase was
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su p p lie d  by Dr. T.G. C artledge  o f th e  School o f B io lo g ic a l 
S c ien ces , U n iv e rs ity  o f B ath. This 3 (1 -3 ) g lucanase was 
o b ta in ed  from the  c u l tu re  f i l t r a t e  o f b asid iom ycete  QM 806 by the  
method o f A lterthum  & Rose (1973).
A ntibody P re p a ra tio n s
F lu o re sc e in  la b e l le d  a n t i - r a b b i t  (sheep) immunoglobulin was 
o b ta in ed  from Wellcome Reagents L t d . , Beckenham, U.K.
C u ltu re  Media In g re d ie n ts
A ll in g re d ie n ts  fo r  th e  p re p a ra t io n  o f c u l tu re  media were 
su p p lie d  by Oxoid L td . ,  London, U.K. u n le ss  o th e rw ise  s t a t e d .
R E S U L T S
PART I
POLYDIMETHYLSILOXANE (PDS) BINDING BY SACCEAROmCES ŒREVISIAE
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TIME-COURSE OF PDS BINDING BY SACCHAROMYCES CEREVISIAE NCYC 366
The k in e t ic s  o f PDS b in d in g  by Saocharomyoes o erev ts 'ia e  have 
been s tu d ie d  in  d e t a i l  by Vernon & Rose (1976). The tim e -co u rse  
o f PDS b in d in g  by Saocharomyoes c e v e v is ia e  NCYC 366 from O.IM 
KHgPO  ̂ b u f f e r  (pH 4 .5 ) c o n ta in in g  Antifoam  M-10 was r e - in v e s t ig a te d  
as t h i s  was to  be used as th e  c o n tro l system  in  th e  p re se n t s tu d y . 
The method and th e  s t r a i n  o f Saccharomyces cere^Y.S'iae used in  th i s  
experim ent were th e  same as th o se  used by Vernon & Rose (1976).
I t  was found t h a t  Scucoharamyces cerevirS'iae NCYC 366, th a t  
had been grown in  d e fin ed  medium and h a rv e s te d  in  th e  mid­
e x p o n e n tia l phase of g ro t/th , when suspended a t  2 .0  mg d ry  w eigh t 
e q u iv a le n t p e r ml in  O.IM KH^PO  ̂ b u f f e r  (pH 4 .5 )  c o n ta in in g  
A ntifoam  M-10 (200 yg em ulsion p er ml) became s a tu r a te d  w ith  
PDS a f t e r  in c u b a tio n  f o r  3 h a t  30^C. The s a tu r a t io n  c o n c e n tra tio n  
o f PDS bound by th e  organism s was approx im ate ly  2 .1  pg p e r mg 
dry  w eight eq u iv a len t (2 x 10^ organism s) o f y e a s t (F ig . 8 ) .
The r e s u l t s  o f t h i s  experiment, were found to  be re p ro d u c ib le  w ith  
good accuracy  when an tifoam  em ulsions of same chem ical com position 
and p h y s ic a l n a tu re  were used . However an tifoam  em ulsions even 
w ith  th e  same chem ical com position  bu t having  d i f f e r e n t  d ro p le t 
s iz e  gave n o n -rep ro d u c ib le  r e s u l t s  when used in  t h i s  experim ent. 
T h ere fo re  the  d ro p le t  s iz e  of th e  em ulsions was examined under 
th e  m icroscope b e fo re  use and on ly  em ulsions w ith  com parable 









F ig u re  8 T im e-course o f PDS b in d in g  by SaccTiaromyaes 
cerevi-s-Cae NCYC 366 from O.IM KH^PO  ̂ (pH 4 .5 ) c o n ta in in g  
200 pg A ntifoam  M-10 em ulsion p e r  ml. Organisms v e re  
grown in  d e fin ed  medium and h a rv e s te d  in  th e  m id -ex p o n en tia l 
phase of grow th. V alues in d ic a te d  a re  th e  means of fo u r  
d e te rm in a tio n s . V e r t ic a l  b a rs  in d ic a te  95% con fidence  
l im i t s .  The number o f organism s in  one mg dry w eight 
e q u iv a le n t of u n tre a te d  c e l l s  of Sacoharomyaes cereV'Cs'Cae 
NCYC 366 i s  equal to  2 x 10?.
EFFECT OF INCLUDING INGREDIENTS OTHER THAN SILOXANE IN THE 
ANTIFOAM EMULSION ON THE SATURATION CONCENTRATION OF PDS BOTJND
BY SACCHAROMYCES CEREVISIAE NCYC 366.
The e f f e c t  o f th e  e u m u ls if ie r s ,  po lyoxyethy lene  s o ib i ta n  
m onosteara te  (PSMS) and g ly c e ro l m onosteara te  (CMS) and the  
th ic k n e r ,  sodium carboxym ethyl c e l lu lo s e  (SCMC) on th e  
s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by Saccharomyces 
c e r e o is la e  NCYC 366 v as  s tu d ie d  by v a ry in g  th e  c o n c e n tra tio n  
o f th e se  in g re d ie n ts  in  th e  an tifoam  em ulsion . The c o n c e n tra tio n  
o f each in g re d ie n t was v a r ie d  w h ile  th e  c o n c e n tra tio n  o f a l l  
o th e r  components of A ntifoam  M-10 w ere k ep t c o n s ta n t. I t  was 
n o t p o s s ib le  to  p rep a re  a s ta b le  em ulsion w ith o u t any PSMS.
The an tifo am  em ulsions were p rep ared  by u s in g  A ntifoam  
M (Dow C om ing L td . ,  B arry , U.K.) which i s  a  d is p e r s io n  o f 
s i l i c a  (5.0%, w/w) in  PDS, The weighed In g re d ie n ts  were 
m elted  by warming in  a 250 ml c o n ica l f l a s k  and th e  m olten 
in g re d ie n ts  were tho rough ly  mixed in  a b le n d e r (O e s te r iz e r ,  Rima 
E le c t r i c a l  L td . ,  M iddx., U.K.) a t  maximum speed f o r  one m inute.
The r e s u l t in g  m ix tu re  was passed  s e v e ra l tim es through a bench 
homogeniser (Ormerod E ngineers L t d . , Homogeniser QP Type DF 1 
LP, H.P. 0 .0 6 , working P re s su re  6 .9  x 10^ Pa) u n t i l  d e s ire d  
é m u ls if ic a tio n  was ach ieved . The em ulsions were examined 
m ic ro sco p ica lly  fo r  homogenity in  d ro p le t  s iz e .  Only em ulsions 
w ith  d ro p le t s iz e  m easuring  about 10 -  20 pm diam were used in  
th e se  experim ents.
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The e f f e c t  of e m u ls if ie r  c o n c e n tra tio n  in  th e  an tifoam  
em ulsion on th e  s a tu r a t io n  c o n c e n tra tio n  was s tu d ie d  by suspending 
y e a s t  c e l l s  a t  2 .0  mg dry w eight e q u iv a le n t p e r ml in  O.IM KH^PO  ̂
b u f f e r  (pH 4 .5 ) c o n ta in in g  200 yg an tifo am  em ulsion p er m l. The 
s a tu r a t io n  c o n c e n tra tio n  was determ ined a f t e r  in cu b a tio n  fo r  4 h 
a t  30^C. A c o n tro l experim ent u s in g  an tifo am  M-10 was run  p a r a l l e l  
w ith  each experim ent. I t  was observed  t h a t ,  i r r e s p e c t iv e  o f th e  
c o n c e n tra tio n  o f th e  e m u ls if ie r  o r  th ic k n e r  in  th e  an tifoam  
em ulsion , s a tu r a t io n  c o n c e n tra tio n  was reached  a f t e r  3 — 4 h 
in c u b a tio n  a t  30°C.
The s a tu r a t io n  c o n c e n tra tio n  v a r ie d  w ith  th e  c o n c e n tra tio n  
o f e m u ls if ie r  in  th e  an tifoam . Lowering th e  c o n c e n tra tio n  o f 
any one o f th e  two e m u ls if ie r s  caused an in c re a se  in  th e  s a tu r a t io n  
c o n c e n tra tio n  in  a l in e a r  manner (P ig s . 9 and 1 0 ).
The s a tu r a t io n  c o n c e n tra tio n  was a ls o  r e la te d  to  th e  
H y d ro p h ilic -L jp o p h ilic -B a lan c e  (HLB) o f th e  co rrespond ing  
an tifoam  em ulsion. The HLB v a lu es  were c a lc u la te d  fo r  each 
em ulsion u sin g  th e  fo llo w in g  eq u a tio n  (Shaw, 1970).
HLB = (x X p/100) (y X q/100)
where x  and y a re  the  re s p e c t iv e  HLB v a lu es  o f th e  e m u ls if ie rs  
and p and q a re  th e  re s p e c t iv e  p e rcen tag es  (w/w) o f th e  e m u ls if ie rs  
in  th e  an tifcam  em ulsion.
The c a lc u la te d  HLB v a lu es  fo r  an tifoam  em ulsions w ith  d i f f e r e n t  
e m u ls if ie r  com binations a re  g iven  in  T able 2. The HLB va lue  








C o n cen tra tio n  of PSMS (%, w/v) .
)
F ig u re  9 E f fe c t  o f c o n c n e tra tio n  o f  PSMS in  th e  an tifoam  
em ulsion  on th e  s a tu r a t io n  c o n c e n tra tio n  o f PDS hound hy 
Sacchcœomyoes e e r e o is ia e  NCYC 366, th a t  had heen  grown in  
d e fin ed  medium and h a rv e s te d  in  th e  m id -ex p o n en tia l phase 
o f growth.
Values in d ic a te d  a re  th e  means o f fo u r d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l im i t s .  The number 
o f  organism s in  one mg dry w eight e q u iv a le n t o f u n tre a te d  
c e l l s  of Saoohccromyees cereoirsvae  NCYC 366 i s  equal to
2 X 10 .
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C o n cen tra tio n  o f GMS (%, w/w)
F igu re  10 E f fe c t  o f c o n c e n tra tio n  o f GMS in  th e  an tifoam  
em ulsion on th e  s a tu r a t io n  c o n c e n tra tio n  of PDS bound by 
Saechcœomyces cereo is 'ia e  NCYC 366, th a t  had been grown in  
d e fin ed  medium and h a rv e s te d  in  th e  m id -ex p o n en tia l phase 
o f growth.
Values in d ic a te d  a re  th e  means o f fo u r d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l i m i t s .  The 
number o f organism s in  one mg dry w eight e q u iv a le n t of 
u n tre a te d  c e l l s  o f Saccharomyces ceraO'is'iae NCYC 366 i s
equal to  2 x 10 ,
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C o n cen tra tio n  (P ercen t w/w) HLB
PSMS ' : S s  Value
3 .0  0 .0  14.9
3 .0  0 .7  12 .6
3 .0  1 .4  11.3
3.0  2 .0  1 0 .4 -
2 .0  2 .0  9 .3
1 .0  2 .0  7.4
0 .5  2 .0  5 .9
Table 2 HLB v a lu es  o f  th e  an tifoam  em ulsions c o n ta in in g  
d i f f e r e n t  : e m u ls if ie r  com binations. â  in d ic a te s  th e  
v a lu e  fo r  Antifoam  M-10 which i s  th e  s tan d a rd  an tifoam  
used in  th i s  s tu d y .
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HLB fo r  o i l “ in -w a te r  em ulsions in to  which ca teg o ry  s i l ic o n e  
em ulsions f a l l  i s  in  th e  range 11 to  12 (Boyde, P a rk in so n  & 
Sherman, 1972).
I t  was observed th a t  a d ecrease  in  th e  c o n c e n tra tio n  o f 
PSMS in  th e  an tifoam  em ulsion caused a decrease  in  th e  HLB 
v a lu e  whereas low ering  th e  GMS c o n c e n tra tio n  caused an 
in c re a s e . The s a tu r a t io n  c o n c e n tra tio n  o f FDS bound by the  
y e a s t  was found to  in c re a s e  w ith  any d e v ia t io n  o f th e  HLB 
v a lu e  o f th e  em ulsions from 1 0 .4 , which i s  th e  HLB v a lu e  fo r  
A ntifoam  M-10 (F ig . 11 ).
The e f f e c t  o f th e  c o n c e n tra tio n  o f SCMC on th e  s a tu r a t io n
c o n c e n tra tio n  of PDS bound by Sacohaponryoes cereO'ls'lae NCYC
\
366 was s tu d ie d  by employing th e  same method used to  s tu d y  
th e  e f f e c t  o f e m u ls if ie r s .  The c o n c e n tra tio n  o f  SCMC in  
each an tifoam  em ulsion was r e l a t e d  to  th e  s a tu r a t io n  
c o n c e n tra tio n  o f  PDS bound by th e  y e a s t .  The s a tu r a t io n  
c o n c e n tra tio n  was found to  decrease  in  a l in e a r  manner w ith  
th e  decrease  o f th e  c o n c e n tra tio n  o f  SCMC (F ig . 12 ).
BINDING 07 PDS BY SACCEMjOmCES CEREVISIAE NCYC 366 AFTER 
TREATMENT WITH DIFFERENT REAGENTS
There i s  a f a i r  amount o f evidence from th e  work o f 
Vernon & Rose (1976) t h a t  i t  i s  th e  c e l l  w a ll o f SaQoharomyces 
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HLB v a lu e  o f  an tifoam
F ig u re  11 E f fe c t  o f th e  H y d ro p h ilic“L ip o p h ilic “Balance 
(HIiB) v a lu e  o f the  an tifoam  on the  s a tu r a t io n  c o n c e n tra tio n  
of PDS bound by Saccharomyces cerev-isiae  NCYC 366, th a t  
had been grown in  d e fin ed  medium and h a rv e s te d  in  the  mid­
ex p o n en tia l phase o f growth.
V alues in d ic a te d  a re  th e  means o f fo u r d e te rm in a tio n s  
V e r t ic a l  b a rs  in d ic a te  95% confidence  l im i t s .  The number 
o f organism s in  one mg dry w eight e q u iv a le n t o f u n tre a te d  
c e l l s  of Saockaromyces c e r e v is ia e  NCYC 366 i s  equal
to  2 X 10 .
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F igu re  12 E f f e c t  o f  c o n c e n tra tio n  o f  SCMC in  the  an tifo am  
em ulsion on the  s a tu r a t io n  c o n c e n tra tio n  o f  PDS bound by 
Saccharomyces c e r e v ïs ïa e  NCYC 366 th a t  had been grown in  
d e fin e d  medium and h a rv e s te d  in  the  m id -ex p o n en tia l phase 
o f  grow th.
V alues in d ic a te d  a re  the  means o f  fo u r  d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l im i t s .  The number 
o f  organism s in  one mg dry  w eig h t e q u iv a le n t  o f  u n tre a te d  
c e l l s  o f  Saccharomyces c e re v 'is ia e  NCYC 366 i s  eq u a l to
2 X  10 .
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of Saockaromyces c e r e v is ia e  i s  a he terogeneous and h ig h ly  complex 
o rg a n e lle  composed m ainly o f g lu can , mannan, p r o te in ,  N -ace ty l 
glucosam ine (some o f which i s  p re se n t as c h i t in )  and some l i p i d .
Due to  th e  co nçlex  n a tu re  o f the  c e l l  w a ll i t  was n e ce ssa ry  to  
in v e s t ig a te  the  n a tu re  o f th e  components th a t  a re  re sp o n s ib le  fo r  
b in d in g  PDS. A p o s s ib le  method o f doing so was to  remove s p e c i f ic  
components o f  the  c e l l  w a ll o f i n t a c t  organism s by chem ical and 
enzymic tre a tm e n t and to  s tudy  th e  e f f e c t  on PDS b in d in g .
The e f f e c t  of s e v e ra l  enzymic and chem ical t re a tm e n ts , which 
a re  re p o r te d  to  remove s p e c i f ic  w a ll components, on PDS b in d in g  
by i n t a c t  Saccharomyces c e r e v is ïa e  NCYC 366 was s tu d ie d . The 
enzymes used were try p s in  and a 6 (1-3) g lucanase w h ile  th e  chem icals 
used were p o tassium  hydroxide (6%, w /v) and h y d ro f lu o r ic  a c id  
(58 — 62%, v /v ) .  B inding o f PDS was s tu d ie d  by in c u b a tin g  
organism s (4 x  10^ organism s p e r  m l) in  O.IM KE^PO^ b u f f e r  (pE 4 .5 ) 
c o n ta in in g  A ntifoam  M-10 (200 yg em ulsion p e r  ml) a t  30^C excep t 
w ith  organism s t r e a te d  w ith  6 (1-3) g lu can ase . In  th e  l a t t e r  case 
b in d in g  was s tu d ie d  in  l.OM s o r b i to l  (pB 4 .5 )  in s te a d  o f 0 . IN 
KH^PO  ̂ b u f f e r .  The method used to  s tudy  PDS b in d in g  was the same 
as d e sc rib e d  fo r  u n tre a te d  organism s in  th e  Methods s e c t io n .
B inding of PDS by Saccharomyces c e r e v is ia e  NCYC 366 T rea ted  w ith  
T rypsin
T rypsin  i s  a p ro te a se  w ith  a f a i r l y  narrow  s p e c i f i c i t y .  I t  
c a ta ly s e s  p r e f e r e n t i a l ly  h y d ro ly s is  o f p e p tid e  bonds in v o lv in g  
carboxyl groups o f th e  amino ac id s  a rg in in e  and ly s in e .  Treatm ent
—88“
of i s o la te d  w a lls  o f Saccharomyoes aerev^isiae  w ith  t ry p s in  has 
been re p o r te d  to  d is so lv e  10 -  20% of the w a ll (Eddy, 1958), 
p robab ly  due to  removal o f a phosphom annan-protein complex 
(Lyons & Hough, 1970b, 1971). This phosphom annan-protein complex 
was claim ed by Lyons & Hough (1970b, 1971) to  be lo c a te d  a t  or 
n ea r the  c e l l - w a l l  s u r fa c e .
The s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by Saooharomyces 
c e r e v is ia e  NCYC 366 t r e a t e d  w ith  t ry p s in  f o r  2 , 4 , 6 and 8 h as 
d e sc rib e d  in  th e  Methods s e c t io n  was s tu d ie d . T rea ted  organism s 
became s a tu ra te d  more slow ly  than  u n tre a te d  organism s. These 
organism s were th e re fo re  inoubated  fo r  longer p e rio d s  o f time 
than  u n tre a te d  organism s fo r  s a tu r a t io n  to  be reached . The 
s a tu r a t io n  c o n c e n tra tio n  was found to  d ecrease  e x p o n e n tia lly  w ith  time 
o f t ry p s in  tre a tm en t and reach  a c o n s ta n t va lue  a f t e r  6 h tre a tm e n t. 
T his v a lu e  was about 1 .1  -yg PDS p e r  2 x 10^ organism s which i s  about 
h a l f  o f th e  amount bound by u n tre a te d  organism s (F igure  1 3 ).
B inding o f PDS by Saccharomyoes c e r e v is ia e  NCYC 366 T rea ted  w ith  
6 (1 -3 ) g lucanase
As the  name im p lie s  6 (1 -3 ) g lucanase c a ta ly s e s  h y d ro ly s is  o f 
6 (1 -3 ) lin k ag es  in  g lu can s . The m ajor component o f Saccharomyces 
c e r e v is ia e  g lucan i s  a h ig h ly  branched in s o lu b le  polymer o f g lucose  
c o n ta in in g  a very  h igh  p ro p o r tio n  o f 6 (1 -3 ) lin k ag es  (Manners 
e t  a t , y 1973a). B asidiom ycete 6 (1 -3 ) g lucanase has been used in  
the  p re p a ra tio n  o f s p h a e ro p la s ts  of., Saccharomyces c e r e v is ia e  







Time (10 o f t r y p s in  tre a tm en t
F igu re  13 E f fe c t o f t r y p s in  tre a tm e n t on th e  s a tu r a t io n  
c o n c e n tra tio n  of PDS bound by Saccharomyces cerex>isiae 
NCYC 366 th a t  had been grown in  d e fin ed  medium and h a rv e s te d  
in  th e  m id -ex p o n en tia l phase o f growth.
Values in d ic a te d  a re  the  means o f  fo u r d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l im i t s .
The number o f organism s in  one mg d ry  w eight e q u iv a le n t 
o f u n tre a te d  c e l l s  o f Saccharomyces cerev'is 'tae  NCYC 366 i s
equal to  2 x 10 .
“90“
r  y t Sacoharomyoes o e re v is ia e  NCYC 366 a f t e r  be in g  
su b je c te d  to  3(1“ 3) g lucanase tre a tm e n t f o r  5 , 10, and 15 min 
bound very  la rg e  amounts o f PDS in  th e  range o f about 4 -  6 .5  yg 
PDS p e r  2 x 10^ organism s. Organiams t r e a te d  w ith  3(1—3) ,
g lucanase  bound PDS much f a s t e r  and reached  s a tu r a t io n  more q u ick ly  
than  u n tre a te d  organ ism s. However when th e  tre a tm e n t was c a r r ie d  
ou t f o r  more than 15 min the  s a tu r a t io n  c o n c e n tra tio n  o f PDS bound 
by th e  organism s decreased  to  about 2 .5  -yg p e r  2 x 10^ organism s 
(F ig u re  14).
B inding o f PDS by Saocharomyces cerevis'ùae  T rea ted  w ith  Po tassium  
Hydroxide
i
Treatm ent o f y e a s t  c e l l  w a lls  w ith  c o ld  p o ta ss iu m  hydrox ide 
(6%, w/v) has been shown to  e x t r a c t  most o f th e  mannan, p r o te in ,  
so lu b le  glucan and phosphorus (McMurrough & R ose, 1967). 
Saccharomyces cerev^s^a e  NCYC 366 t r e a te d  w ith  po tassium  hydrox ide  
(6%, w/v) bound PDS much slow er than  u n tre a te d  organism s.
T rea ted  organism s became s a tu r a te d  on ly  a f t e r  in c u b a tio n  fo r  lo n g e r  
p e rio d s  o f tim e than u n tre a te d  organiam s.. Organisms t r e a te d  fo r  
15 min were found to  b in d  le s s  than  h a l f  th e  amount of PDS bound 
by u n tre a te d  organism s. Longer p e rio d s  o f  tre a tm e n t on ly  s l i g h t l y  
a l t e r e d  the amount o f PDS bound by th e  organism s (F igure  15).
B inding of PDS hy Saccharomyces ceTeV'ts'iae NCYC 366 T rea ted  w ith  
H ydro fluo ric  Acid (58 -  62%, v / v ) .
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F igu re  14 E f fe c t  o f 0 (1-3) gluc.anase tre a tm e n t on the 
s a tu r a t io n  c o n c e n tra tio n  o f PDS hound hy Saocharomy ces  
cere'O'ls'tae NCYC 366 th a t  had been grown in  d e fin ed  
medium and h a rv e s te d  in  th e  m id -exponen tia l phase o f growth. 
Values in d ic a te d  a re  th e  means o f  fo u r  d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l i m i t s .  The number 
•of organism s in  one mg dry w eight e q u iv a le n t o f u n tre a te d  
c e l l s  of Saooharomyces oerevï^siae  NCYC 366 i s  equal to











0 60  120
Time (min) o f KOH (67, w/v) tre a tm en t
180
F igure  15 E f fe c t  o f KOH (67, w /v) tre a tm en t on the 
s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by Saccharomyces cereV 'isïae  
NCYC 366 th a t  had been grown in  d e fin ed  medium and h a rv e s te d  
in  the  m id -ex p o n en tia l phase of growth.
Values in d ic a te d  a re  th e  means of fo u r d e te rm in a tio n s  
V e r t ic a l  b a rs  in d ic a te  957 confidence  l im i t s .  The number 
o f organism s in  one mg dry w eigh t e q u iv a le n t o f u n tre a te d  c e l l s  
o f Saccharomyces c e r e v is ia e  NCYC 366 i s  equal to  2 x 10^
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c leav e  p h o sp h o d ies te r lin k ag es  in  a v a r ie ty  o f o rg an ic  compounds. 
These compounds in c lu d e  te ic h o ic  ac id s  (Burger & G la se r, 1964; 
A rch ib a ld , B addiley  & Shaukat, 1968), phosphomannan e x tra c te d  from 
w a lls  o f Saocharomy ces c e r e v is ia e  (Cawley e t  a t ,   ̂ 1972) and 
p h o sp h o lip id s  e x tra c te d  from b a c te r ia  (Shaw & S tead , 1974). The 
most i n te r e s t in g  fe a tu re  o f th e  trea tm en t w ith  th i s  re a g en t i s  
th a t  i t  does n o t cause any s ig n i f i c a n t  h y d ro ly s is  o f g ly c o s id ic  
l in k a g e s . In  view  o f th e se  c a p a b i l i t i e s  h y d ro f lu o r ic  a c id  
(58 — 627, v /v )  was s e le c te d  as one o f the  re a g en ts  fo r  tre a tm e n t 
o f Saccharomyces c e r e v is ia e  NCYC 366 p r io r  to  s tu d y in g  PDS 
b in d in g .
The tim e-co u rse  o f PDS b in d in g  by Saccharomyces c e r e v is ia e  
NCYC 366 t r e a te d  w ith  h y d ro f lu o r ic  a c id  (58 -  627 ,v /v )  f o r  3 -  5h 
a t  0°C was s tu d ie d -  The r a t e  of uptake o f PDS by h y d ro f lu o r ic  
a c id  — t r e a te d  organism s was slow er than  th a t  of u n tre a te d  organism s 
and th e  s a tu r a t io n  c o n c e n tra tio n  was about h a l f  of th a t  o f th e  
c o n tro l (F igure  15). A ttem pts to  s tudy  the  PDS b in d in g  by 
organism s t r e a te d  f o r  d i f f e r e n t  p e rio d s  o f tim e as in  p rev io u s  
experim ents were n o t made due to  hazards invo lved  in  h an d lin g  
co n cen tra ted  h y d ro f lu o r ic  a c id .
RELEASE OF PDS FROM SACCEAWmCES CSW VlSIkE  NCYC 366 SATURATED 
WITH PDS BY TREATMENT WITH DIFFERENT REAGENTS
A study  was made o f  th e  r e le a s e  o f PDS from organism s th a t  had 
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F ig u re  16 Tim e-course o f PDS Tjinding by Saccharomyces 
cerevirsiae  NCYC 366 a f t e r  tre a tm en t w ith  h y d ro f lu o r ic
a c id  (58 -  62%, v /v )*  0 -----:—0  in d ic a te s  u n tre a te d
organism s O -O h y d ro f lu o r ic  a c id - t r e a te d  organism s.
The organism s T/ere grown in  d e fin ed  medium and h a rv ested  
in  th e  m id -ex p o n en tia l phase o f growth.
V alues in d ic a te d  a re  the  means o f fo u r d e te rm in a tio n s . 
V e r t ic a l  b a rs  in d ic a te  95% confidence  l im i t s .  The number 
o f  organism s in  one mg dry w eigh t e q u iv a le n t o f u n tre a te d
Saccharomyces c e r e v is ia e  NCYC 366 is  equal to  2 x 10 .
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o r  po tassium  hydroxide (6%, w /v ). Saooharomyces c e r e v is ia e  NCYC 
366 were s a tu ra te d  w ith  PDS by suspending them a t  2 ,0  mg dry  w eight 
e q u iv a le n t p e r ml in  O.IM KH^PO  ̂ b u f fe r  (pH 4 .5 ) c o n ta in in g  A ntifoam  
M-10 (200 yg p e r ml) and in c u b a tin g  on an o r b i t a l  shaker (300 re v
p e r  min) a t  30°C fo r  4 h . The s a tu ra te d  organism s were t r e a te d
w ith  t r y p s in ,  6(1-3) g lucanase  o r po tassium  hydroxide (6%, w/v) 
a s  d e sc rib ed  in  the Methods s e c t io n .  A fte r  tre a tm e n t f o r  s ta t e d  
in te r v a l s  o f  tim e organism s were washed once in  d i s t i l l e d  w a te r and 
t h e i r  PDS c o n te n t e s tim a te d  (F igures 17, 18 and 19),
Po tassium  hydroxide (6%, w/v) was th e  most e f f e c t iv e  in  
re le a s in g  PDS bound by th e se  organism s. A maximum o f about 85% 
o f  th e  PDS o r ig in a l ly  bound was re le a s e d  a f t e r  tre a tm e n t fo r  
30 -  60 min. T rypsin  tre a tm e n t caused a r e le a s e  o f about 81% of 
PDS o r ig in a l ly  bound a f t e r  tre a tm en t fo r  about 4 h o u rs . T rea tm en t 
w ith  6(1-3) g lucanase  was l e s s  e f f e c t iv e  r e le a s in g  only  about 50 — 65% 
o f  the  PDS o r ig in a l ly  bound (Table 3 ) .
The PDS co n ten ts  o f organism s tended to  drop and then  in c re a s e
s l i g h t ly  towards the  end o f th e  tre a tm en t p robab ly  due to  r e ­
a d so rp tio n  o f PDS from the  susp en sio n . Experim ents on PDS 
re le a s e  fo llow ing  h y d ro f lu o r ic  a c id  (58 -  62%, v /v ) tre a tm e n t 
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F igure  18 E f fe c t  o f 3(1“ 3) g lucanase tre a tm e n t on r e le a s e  of 
PDS from p re s a tu r a te d  Saccharomyces cereV 'isiae  NCYC 356 th a t  had 
been grown in  de fin ed  medium and h a rv e s te d  in  the  m id -ex p o n en tia l 
phase o f growth*
Values in d ic a te d  a re  th e  means o f fo u r de term ina tions*
V e r t ic a l  b a rs  in d ic a te  95% confidence lim its*
The number of organism s in  one mg dry w eight e q u iv a le n t o f  u n tre a te d
c e l l s  o f Saccharomyces c e r e v is ia e  NCYC 366 i s  equal to  2 x 10 *
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Time (min) o f  KOH (6%, w/v) tre a tm e n t
F igure  19 E f fe c t  o f KOH (6%, w /v) tre a tm e n t on r e le a s e  o f PDS 
from p re s a tu r a te d  Saccharomyces c e r e v is ia e  NCYC 366 th a t  had been 
grown in  d e fin ed  medium and h a rv e s te d  in  the  m id -exponen tia l phase 
o f grow th.
Values in d ic a te d  a re  the  means o f fo u r d e te rm in a tio n s .
V e r t ic a l  b a rs  in d ic a te  95% confidence l im i t s .
The number o f organism s in  one mg dry w eight e q u iv a le n t o f 
u n tre a te d  c e l l s  o f  Saccharomyces c e r e v is ia e  NCYC 366 i s
equal to  2 x 10 .
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Reagent P e rc e n t PDS re le a s e d a f t e r
T rypsin 2h 4h 6h 8h
71.4 81 .0 78.6 76.2
8(1—3) g lucanase 3 min 10 min 15 min 20 min
52 .4 5 2 .4 6 4 .3 5 0 .0
KOH (6%, w/v) 0.25h 0 .5h Ih 2h 3h
71.4 83 .3 85.7 76.2 71.4
T able 3 . R elease o f  PDS from  PDS—s a tu r a te d  Saeeharom jees c e r e v is ia e  
NCYC 366 by trea tm en t w ith  t r y p s in ,  KOH (6%, w/v) o r 
8 (1 -3 ) g lucanase .
The organism s were grown in  d e fin ed  medium and h a rv e s te d  
in  the  m id -ex p o n en tia l phase o f growth.
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COMPOSITION OF WALLS OF SACCHAEOMYCES CEREVISIAE NCYC 366 BEFORE 
AND AFTER TREATMENT WITH DIFFERENT REAGENTS
I s o la te d  w a lls  o f Saooharomyces c e r e v is ia e  NCYC 366 were an aly sed  
fo r  g lu can , mannan, p ro te in  and phosphorus b e fo re  and a f t e r  trea tm en t 
w ith  t r y p s in ,  8 (1 -3 ) g lu can ase , po tassium  hydroxide (6%, w/v) o r 
h y d ro f lu o r ic  a c id  (58 -  62%, v /v ) ,  u s in g  the methods d e sc rib e d  fo r  
whole c e l l s .  These esqjerim ents were c a r r ie d  ou t to  e s t a b l i s h  which 
c e l l - w a l l  components were removed by th e  tre a tm e n ts , which were a lso  
used to  t r e a t  whole c e l l s  in  PDS-binding s tu d ie s .  The r e s u l t s  a re  
g iven  in  Tables 4 and 5 . G lucan, mannan, p ro te in  and phosphorus 
accounted  fo r  about 84% o f th e  dry w eigh t o f w a lls  o f  Saccharomyces 
c e r e v is ia e  NCYC 366, The r e s t  o f th e  w a ll i s  most p robab ly  made 
up o f  l i p i d  aiid N -ace ty l g lucosam ine.
T reatm ent o f w a lls  w ith  t ry p s in  removed most o f  th e  mannan, 
p ro te in  and phosphorus, b u t th e  g lucan  component rem ained unchanged. 
A f te r  tre a tm en t fo r  6 hours 95% o f th e  mannan, 93% o f th e  p ro te in  and 
88% o f the  phosphorus had been removed (T able 4 ) . Treatm ent o f 
w a lls  w ith  8"glucanase removed m ostly  g lucan w ith  v a ry in g  amounts of 
mannan, p ro te in  and phosphorus (Table 5 ) .  A fte r  tre a tm e n t fo r  
10 m inutes 51% o f th e  g lu can , 5.7% of th e  mannan, 49% o f  th e  p ro te in  
and 44% o f th e  phosphorus were removed from  th e  w a l ls .  T reatm ent 
w ith  po tassium  hydroxide (6%, w/v) had a s im ila r  e f f e c t  to  t ry p s in  
tre a tm en t (Table 5 ) . Most o f th e  mannan, p ro te in  and phosphorus 
w ere removed w ith  th i s  tre a tm e n t, a lthough  th e  g lucan co n ten t was very 
l i t t l e  a f f e c te d .  A fte r  tre a tm en t fo r  30 m inutes 95% of th e  mannan.
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76% o f th e  p ro te in  and 90% of th e  phosphorus were removed. Treatm ent 
o f  w a lls  w ith  h y d ro f lu o r ic  a c id  (58 — 62%, v /v ) removed m ost of the 
phosphorus w ith  l i t t l e  e f f e c t  on the  co n ten ts  o f o th e r  components 
(Table 5 ) .
The mannan and phosphorus co n ten ts  o f  w a lls  a f t e r  tre a tm e n t 
w ith  t ry p s in  fo r  d i f f e r e n t  p e rio d s  o f time were r e la te d  to  th e  
s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by whole c e l l s  o f Saooharomyces 
c e r e v is ia e  NCYC 366 su b je c te d  to . th e  same tre a tm e n t (F ig s . 20 and 21) 
The s a tu r a t io n  c o n c e n tra tio n  was found to  be d i r e c t ly  p ro p o r tio n a l 
to  th e  mannan c o n ten t and th e  phosphorus c o n ten t o f  the  w a ll .
SURFACE PROPERTIES OF SACCHAROd YCES CEEEVISIAE NCYC 366 BEFORE AND 
AFTER TREATMENT WITH DIFFERENT REAGENTS
P ro p e r t ie s  o f th e  c e l l  s u rfa c e  o f  Saccharomyces c e r e v is ia e  NCYC 
366 were in v e s t ig a te d ,  b e fo re  a id  a f t e r  tre a tm e n t w ith  t r y p s in ,  
8 (1 -3 ) g lu can ase , po tassium  hydroxide (6%, w/v) o r h y d ro f lu o r ic  
a c id  (58 -  62%, v /v ) ,  fo r  any m o d if ica tio n  in  the  su rfa c e  s t r u c tu r e  
caused by the tre a tm e n ts .
E le c tro p h o re tic  M o b ility
The pH -m obility  curves o f  y e a s t  c e l l s  a re  d e sc rib e d  by th e  
com position  o f  the c e l l - w a l l  components, Eddy & Rudin (1958a, b) 
p o s tu la te d  the p resence  o f th re e  types o f io n iz a b le  groups 
re sp o n s ib le  fo r  the  su rfa ce  charge o f y e a s ts .  Of th e s e , the 


















7  (w/w) o f  c e l l —w allj phosphorus
F igure  20 R e la tio n sh ip  o f c e ll-w a ll |p h o sp h o ru s  c o n ten t to
the  s a tu r a t io n  c o n c e n tra tio n  o f  PDS bound by Saccharomyoes
cerev is 'ia e  NCYC 366 grown in  d e fin ed  medium and h a rv e s te d
in  the  m id-esqponential phase o f growth. jFhosphorus c o n ten ts
o f  th e  w a lls  were changed by try p s in  tre a tm e n t.
Values in d ic a te d  a re  th e  means o f  fo u r d e te rm in a tio n s .
The number o f organism s in  one mg dry w eigh t e q u iv a le n t
o f  u n tre a te d  c e l l s  o f Saccharomyces c e r e v is ia e  NCYC 366
i s  equal to  2 x 10^
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% (w/w) o f c e l l - w a l l  i  mannan
F igure  21 R e la tio n sh ip  o f  c e l l - w a l l  mannan co n ten t 
to  the s a tu r a t io n  c o n c e n tra tio n  o f PDS hound hy Saûdhcœomyces 
NCYC 3 6 6 ,th a t  had been grown in  d e fin e d  medium and h a rv e s te d  
in  the m id-e:q )onen tia l phase o f grow th. | Mannan co n ten ts  of 
the  w a lls  were changed hy t ry p s in  tre a tm e n t.
Values in d ic a te d  a re  the  means o f  fo u r d e te rm in a tio n s .
The number o f organism s in  one mg dry w eigh t e q u iv a le n t o f 
u n tre a te d  c e l l s  o f Saccharomyces cerev is-ia e  NCYC 366 i s  
equal to  2 x 10^.
C o rre la tio n  c o e f f ic ie n t  fo r  th i s  l i n e  was n o t c a lc u la te d .
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the  n e g a tiv e  m o b ility  th roughou t the pH range 3 - 9 ,  and a m easure 
o f  th e  c o n tr ib u tio n  to  the  o v e ra l l  m o b ility  from th ese  groups i s  
g iven  by the m o b ility  va lue  a t  pH 4 .0  (y^ ^ ) .  The carboxyl groups 
o f  the a c id ic  amino a c id s  in  th e  p ro te in  component a re  io n iz e d  only  
above pH 4 .0 , and a p o s i t iv e  charge below pH 4 .0  i s  due to  p ro to n a te d  
amino groups o f the su rfa c e  p r o te in .  M o b ility  due to  su rfa c e  
p ro te in  i s  e v id e n t from a sharp  change in  value betw een pH 3 .0  and 
pH 7.0 (py Q -  0^* T h e re fo re , from the shape o f the  pH -m obility
curves in fo rm a tio n  re g a rd in g  the  com position  o f the w a ll su rfa c e  
can be o b ta in e d . F urtherm ore , by low ering  the io n ic  s tr e n g th  o f 
the  b u f f e r  in  which the m o b ility  i s  m easured, m o b ility  due to  
io n iz a b le  groups in  the deeper la y e rs  o f the c e l l  su rfa c e  can bo. 
a s s e s s e d . F ish e r  (19 75) s ta t e d  th a t  the  th ic k n e ss  o f the  s u rfa c e  
la y e r  on which the e le c t r o p h o r e t ic  m o b ility  depends approxim ate 
to  1 .4  nm in  b u f fe rs  o f io n ic  s tre n g th  0 .0 5 . By low ering  the  io n ic  
s t r e n g th  o f the  b u f f e r  to  0 .005 i t  i s  p o s s ib le  to  make in v e s t ig a t io n s  
o f su rfa c e  la y e rs  up to a depth o f 4 .2  nm.
E le c tro p h o re tic  m o b ility  o f Saccharomyces cereVÏS'ùae NCYC 366 
in  the pH range 1.5 -  8 .0  was s tu d ie d  in  b u f fe rs  o f  io n ic  s t r e n g th  
0 .05  a t  30°C, b e fo re  and a f t e r  tre a tm en t w ith  t r y p s in ,  g -g lu c a n ase , 
po tass iu m  hydroxide (6%, w/v) o r h y d ro f lu o r ic  a c id  (58 -  6 2 . ,  v /v ;  
F ig . 2 2 ). The c o n tr ib u tio n s  from phosphate groups (y^ q) and 
p ro te in  (y^ o ~ ^3 0^ given  in  Table 6.
The pH m o b ility  curve o f u n tre a te d  Saccharomyces cereV'is'iae  
NCYC 366 was ty p ic a l  o f a s u rfa c e  w ith  phsophate and p r o te in ,  w ith  
the  phosphate groups c o n tr ib u t in g  a m ajor p o r tio n  tow ards the t o t a l
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pH Value
F igure  22 p H -E lec tro p h o re tic  m o b ility  curves o f Saooharomyces 
cereV'is'iae  NCYC 366 grown in  d e fin ed  medium and h a rv e s te d  in  the 
m id -ex p o n en tia l phase o f growth. # — #  u n tre a te d  organism s
y  V t r y p s in - t r e a te d  (6 h) o rgan ism s,T — VKOH (6% ,w/v)-
t r e a te d  (30 m in}organism s, 0 — 0  g ( l-3 )  g lu c a n a s e - tre a te d
(10 min) organism s D— —OHF (58 -  62%, v /v ) - t r e a te d  (4h) organisms,
Values in d ic a te d  a re  th e  means o f 20 o b se rv a tio n s .
The s tan d a rd  e r r o r  o f the  means was le s s  than  2%. Measurements 







1 _ t)9 ü
«
o. 3. m o m COLJ o \ rH CM VO
O O CM 1—4 O «w
g) a O
3 .|H O o o O O















> \ 3 - o
4J CO
•H drH 0) PL
. H 4J o \ o o en
X td 00 cy> u t rH oO 4J













•d a P4B •d Os d





X Cd > 64; M4-1 o CM
Pî vO X > vO
SU t Hs 00 14.4 PS 64; VO
td .H VO CO
(U (0 en u t (U
u tu p . 1 iH
H PI .  S rH X X
c M o P4 td





















































































-1 0 9 -
m o b ility . T ry p s in - tre a te d  c e l l s  showed a pH-mob i l i t y  p a t te r n  
ty p ic a l  o f a su rfa c e  w ith  a la rg e  amount o f phosphate groups w ith  
only  a sm all c o n tr ib u tio n  from p r o te in .  However th e  m o b ility  a t  
pH 4 .0 ,  due to  phosphate g roups, showed a  drop o f  abou t 20% as 
compared w ith  u n tre a te d  c e l l s .  The curve o b ta in ed  fo r  $ -g lucanase- 
t r e a te d  c e l l s  re v e a le d  an in c re a se d  exposure o f charged groups 
due to  the tre a tm e n t. Both c o n tr ib u tio n s  due to  phosphate  and 
p ro te in  were h ig h e r  than  w ith  u n tre a te d  c e l l s .  A drop in  th e  
c o n tr ib u tio n  from phosphate  to  th e  m o b ility  g re a te r  than  w ith  
t r y p s in - t r e a te d  c e l l s  was observed  w ith  c e l l s  t r e a te d  w ith  potassium  
hydroxide (6%, w/v)». However a h ig h e r c o n tr ib u tio n  from  p r o te in  
was in d ic a te d  due to  the ra p id  in c re a s e  in  m o b ility  from pH 3.0 -  
7 .0 , F in a lly  the h y d ro f lu o r ic  a c id - t r e a te d  c e l l s  were found to  
have a v e ry  low o v e ra l l  m o b ility .
B inding o f  F lu o re sc e n t Antibody
B inding o f f lu o re s c e n t  an tibody  by ifiicro-organism s depend 
on th e  p resen ce  of the  a p p ro p r ia te  a n tig e n ic  groups on th e  c e l l  
s u r fa c e . The p r in c ip a l  immunogenic groups o f Saccharomyces 
c e r e v ïs ïa e  a re  a s s o c ia te d  w ith  the mannan component o f the  w a ll .  
T herefo re  an tibody  r a is e d  a g a in s t  whole c e l l s  o f Saccharomyces 
c e r e v ïs ïa e  could  be reg ard ed  as a reag en t s p e c i f ic  fo r  th e  mannan 
o f  the w a ll. The in te n s i ty  o f f lu o re s c e n t  an tibody  b in d in g  w i l l  
p rov ide  an e s tim a te  o f the  amount of su rfa c e  mannan. However, 
m o d if ic a tio n s  to  the  mannan s t r u c tu r e  such as by removal o f 
immunogenic groups, cou ld  in te r f e r e  w ith  the an tibody  b in d in g .
-1 1 0 -
Antibody a g a in s t  whole c e l l s  o f Saocharomyoes o e re v ïs ia e  
NCYC 366 were r a is e d  and th e  b in d in g  o f f lu o re s c e n t  an tib o d y  by 
c e l l s  b e fo re  and a f t e r  tre a tm en t w ith  t ry p s in ,  g -g lu can ase , 
p o tass iu m  hydrox ide  (6%, w/v) o r h y d ro f lu o r ic  a c id  (58 — 62Z* v/v} 
was s tu d ie d . The in t e n s i t i e s  o f an tibody  b in d in g  a re  g iven in  
Table 7. These i n t e n s i t i e s  were e s tim a te d  v is u a l ly  by m icroscop ic  
exam ination  u sin g  u l t r a v i o l e t  r a d ia t io n .
B ind ing  o f  f lu o re s c e n t  an tibody  by t r y p s in - t r e a te d  organism s 
was low compared w ith  u n tre a te d  organ ism s, g iv in g  on ly  f a in t  
f lu o re sc e n c e . However g -g lu c a n a s e - tre a te d  organism s bound 
f lu o re s c e n t  an tib o d y  a v id ly  showing very  l i t t l e  d if f e re n c e  in  the 
i n t e n s i ty  o f flu o re sc en c e  compared w ith  u n tre a te d  organism s.
B inding  o f f lu o r e s c e n t  an tibody  by c e l l s  t r e a te d  w ith  po tassium  
hydrox ide (6Z, w /v) was com parable w ith  th a t  o f c e l l s  t r e a te d  
w ith  t r y p s in ,  w hereas h y d ro f lu o r ic  a c id - t r e a te d  organism s showed 
v ery  f a in t  f lu o re s e e n c c in d ie a tin g  very  l i t t l e  b in d in g  .
P ho tog raph ic  reco rd s  o f  some o f th e  p re p a ra tio n s  a re  shown in  
P la te s  1 and 2* O ther p re p a ra t io n s  cou ld  n o t be photographed due 
to  the very  weak flu o rescen ce ,w h ich  faded ra p id ly  under u l t r a v i o l e t  
r a d ia t io n .
B inding  o f F lu o re sc e n t Concanavalin A
C oncanavalin  A, a phy tohaem agg lu tin in iso la ted  from ja c k  bean 
(Canavalia ens'iform 'is)^  combines s p e c i f i c a l ly  w ith  a v a r ie ty  o f  
p o ly sacch a rid es  which have branched s t r u c tu r e s  and a—D -g lucopyranosy l, 
a-D -m annopyranosyl, $ -D -fru c to fu ra n o sy l o r a -D -a rab in o fu ran o sy l
- I l l ”
Treatm ent
None
try p s in  
(6 h )
3-g lucanase  
(10 min)
KOH (6%, w /v; 
30 min)
HF (58-62%,v /v ; 
(4h)
+++++ ++ ++++ ++ +
Table  7. B inding o f f lu o re s c e n t  an tibody  by t r e a te d  and u n tre a te d  
Saooharomyces c e r e v is ïa e  NCYC 366. Organisms were 
grown in  d e fin ed  medium and h a rv e s te d  in  the
i
m id -ex p o n en tia l phase o f growth.
Key; +++++ very  b r ig h t  f lu o re sc e n c e , ++++ b r ig h t  f lu o re sc e n c e ,
++ f a in t  f lu o rescen ce  and + v ery  f a in t  f lu o re sc e n c e .
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P la te  1 F lu o re sc en t an tibody  s ta in e d  p re p a ra t io n  
o f  Saooharomyces oerev-is'iae  NCYC 366 
(M ag n ifica tio n  -  x 2000)
P la te  2 F lu o resc en t an tibody  s ta in e d  p re p a ra t io n  o f
Saooharomyoes oereV'Cs'iae NCYC 366 th a t  had been 
p r e - t r e a te d  w ith  6 (1-3) g lucanase fo r  10 min. 
(M ag n ifica tio n  -  x 2000)
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#
P la te  1
P la te  2
“ llâ  “
re s id u e s  occupying non-reduc ing  te rm in a l p o s i t io n s .  > Of th e  
p o ly sacch a rid es  which r e a c t  w ith  concanavalin  A a - l in k e d  mannose- 
c o n ta in in g  homopolymers such as those in  the  w a lls  o f Saooharomyoes 
s p e c ie s ,  seem to  be the most te n a c io u s ly  bound. S ince concanavalin  
A does n o t r e a c t  w ith  y e a s t  w a ll glucan and would n o t be 
expec ted  to  r e a c t  w ith  c h i t i n ,  a g - lin k e d  polym er, f lu o re s c e n tly  
la b e l le d  concanavalin  A should  be a s p e c i f ic  re a g en t fo r  a-mannan 
p re s e n t  in  th e  w a lls  o f Saooharomyces c e r e v i s i a e O ^ c z  e t  al» 1971).
B inding o f  f lu o r e s c e n t  concanavalin  A by Saooharomyces c e r e v ïs ia e  
NCYC 366 b e fo re  and a f t e r  tre a tm e n t w ith  t r y p s in ,  6 (1 -3 ) g lu can ase , 
po tassium  hydroxide (6%, w/v) and h y d ro f lu o r ic  a c id  (58 -  62%, v /v )
was s tu d ie d . The in t e n s i t i e s  o f b in d in g  was e s tim a te d  v is p a l ly
/
by m icroscop ic  exam ination u s in g  u l t r a v i o l e t  r a d ia t io n  (Table 8 ) .
P ho tog raph ic  reco rd s  o f  th e  p re p a ra t io n s  a re  shown in  P la te s  
3 -7 . B inding o f f lu o re s c e n t  concanavalin  A by organism s t r e a te d  
w ith  try p s in  o r  KOH (6%, w/v) was low compared w ith  u n tre a ted  
organism s as e s tim a te d  by in te n s i ty  o f f lu o re sc e n c e . Treatm ent 
o f  organism s w ith  6“ glucanase caused only  a sm all change as f a r  as 
b in d in g  o f f lu o re s c e n t  concanavalin  A was concerned. Organisms 
t r e a te d  w ith  h y d ro f lu o r ic  a c id  bound f lu o re s c e n t  concanavalin  A 
more o r le s s  to  the  same e x te n t  as u n tre a te d  organism s.
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Hone tr y p s in(6h)
Treatm ent 
g -g lu can ase  KOH (6%,w/v; 
(10 min) 30 min )
HF(58-62%, v /v ;  
4h)
+++++ ++ ++++ ++ +++++
Table 8 B inding o f f lu o r e s c e n t  concanavalin  A by t r e a te d  and 
u n tre a te d  Saecharomyees eereV'is'iaê  NCYC 366 
Organisms were grown in  d e fin ed  medium and h a rv e s te d  
in  the m id -ex p o n en tia l phasg of growth.
Key: +++++ v e ry  b r ig h t  f lu o re sc e n c e , ++++ b r ig h t  f lu o re sc e n c e
+ + fa in t f lu o re sc e n c e .
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P la te  3 F lu o rescen t concanavalin  A s ta in e d
p re p a ra t io n  o f Saocharomyces oevevis'iae  
NCYC 366
(M ag n ifica tio n  "  i t  2000)
P la te  4 F lu o re sc e n t concanavalin  A s ta in e d
p re p a ra t io n  o f Saacharomyces oerevlsi^ae  
NCYC 366 th a t  had heèn p r e - t r e a te d  w ith  
t r y p s in  (6 h ) ,
(M ag n ific a tio n  -  x 2000)
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P la t e  3
P la t e ■ 4
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P la te  5 F lu o rescen t concanavalin  A s ta in e d
p re p a ra t io n  o f  Saochccromyces ceTeV'us'iae 
NCYC 366 th a t  had  been p r e - t r e a te #  w ith  
# (1 -3 )  g lucanase  (10 min)
(M ag n ific a tio n  x  2000)
P la te  6 F lu o re sc e n t co ncanavalin  A s ta in e d  p re p a ra t io n  
o f  Saochccromyces o e re v is ia e  NCYC 366 th a t  had 
been  p r e - t r e a te d  w ith  KOH (6%, w /v; 30 min) 
(M ag n ific a tio n  x  2000)
-1 1 9 -
P la te  5
P la te  6
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P la te  7 F lu orescen t concanavalin  A s ta in e d
p re p a ra t io n  o f Sacohcœomyoes eereV'is'iaê 
NCYC 366 th a t  had been p r e - t r e a te d  w ith  
h y d ro f lu o r ic  a c id  (58 -  62%, v /v ; Ah) 
(M ag n ifica tio n  -  x 2000)
-1 2 1 -
P la te  7
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BINDING OF PDS BY SACCEAROmCES CEREVISIAE NCYC 366 TREATED WITH 
CONCANAVALIN A
C oncanavalin A i s  a re ag en t which re a c ts  s p e c i f i c a l ly  w ith
th e  mannan component o f th e  y e a s t  c e l l  w a ll .
S tu d ies  were made on the b in d in g  o f PDS by Saooharomyoes
oerevi-S'iae NCYC 366 th a t  had been t r e a te d  w ith  concanavalin  A to
in v e s t ig a te  th e  e f f e c t  o f  th is  tre a tm e n t on PDS b in d in g . Washed
Saooharomyoes c e r e v is ia e  NCYC 366 was suspended in  IM — NaCl
c o n ta in in g  200 yg concanavalin  A p e r  ml a t  a c o n c e n tra tio n  o f 10 mg
dry w eight e q u iv a le n t p e r ml. The suspension  was in cu b ated  a t
30°C fo r  one hour on an o r b i t a l  shaker (300 rev  p e r  m in). The
c e l l s  were se p a ra te d  by c e n tr ifu g in g  and were washed once ^
in  d i s t i l l e d  w a te r . B inding o f  PDS was s tu d ie d  as d e sc rib ed  in
th e  Methods s e c t io n  u s in g  Antifoam  M-10 in  0 . 1M-KH_P0, b u f fe rz 4
(pH 4 .5 ) .  C oncanavalin  A -tre a te d  c e l l s  were found to  b in d  about 
50% le s s  PDS than  th e  c o n tro l .  The r a te  o f b in d in g  a lso  was 
much slow er (F igure  23).
BINDING OF PDS BY SACCÜAROMYCES CEREVISIAE NCYC 366 CROWN IN MYGP 
MEDIUM
Since a l l  experim ents so f a r  d e sc rib ed  on PDS b in d in g  by 
Saooharomyoes cereV 'isiae  NCYC 366 were c a r r ie d  o u t on organism s 
grown i n  de fin ed  medium, th e  e f f e c t  o f growth in  n u t r i t io n a l ly  
r ic h  medium was s tu d ie d  by using  organism s grown in  MYGP medium 



















F ig u re  23 T im e-course o f PDS b ind ing  by Saaaharomyces eerev^s'lae  
NCYC366 a f t e r  tre a tm en t w ith  concanavalin  A. # —•  in d ic a te s
u n tre a te d  o rgan ism s, 0 —0  concanavalin  A -tre a te d  organism s.
The organism s were grown in  de fin ed  medium and h a rv e sted  in  
th e  m id -ex p o n en tia l phase o f grow th. V alues in d ic a te d  a re  th e  
means o f fo u r d e te rm in a tio n s . V e r t ic a l  b a rs  in d ic a te  95% 
con fidence  l i m i t s .  The numb.er o f organism s in  one mg dry  
w eight e q u iv a le n t of u n tre a te d  Saocharomyoes oeve'O'isiae
NCYC 366 i s  equal to  2 x 10 ,
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phase o f growth and washed in  0 .1  M KH^PO  ̂ b u f fe r  (pH 4 .5 ) b e fo re  
s tu d y in g  b in d in g  of PDS. B inding o f PDS was s tu d ie d  u s in g  
A ntifoam  M-10 as d e sc rib e d  in  the  Methods s e c t io n .  Organisms 
grown in  MYGP medium bound about 0 ,4  yg PDS p e r 2 x 10^ organism s 
.more than  organism s grown in  d e fin ed  medium (F ig . 2 4 ).
W alls o f organism s grown in  MYGP medium co n ta in ed  h ig h e r 
c o n ten ts  of mannan, g lucan  and phosphorus (T able 9 ) .
EFFECT OF THE SURFACE CHARGE OF SACCHAROMYCES CEREVISIAE NCYC 366 
ON PDS BINDING
The p H -e le c tro p h o re t ic  m o b il i ty  curve o f Saooharomyces éerev-isiae  
NCYC 366 (F ig . 22) shows t h a t  th e  su rfa c e  charge c a r r ie d  hy  th e  c e l l s  
i s  more o r l e s s  c o n s ta n t above pH 4 .0  h u t  d im in ish es  ra p id l}  below 
th i s  v a lu e . The e f f e c t  o f th e  charge on PDS b in d in g  by th e se  was 
in v e s t ig a te d  by s tu d y in g  b in d in g  a t  pH v a lu es  lower than  4 .0 ,
The procedure used  was th e  same as tha t, d esc rib ed  in  th e  Methods 
s e c tio n  b u t S o ren so n 's  g ly c in e  I  (SOrenson, 1909, 1912) b u f fe r  
s o lu tio n s  o f pH 3 .5 , 2 .5  and 1 .5 , co n ta in in g  Antifoam  M-10 were 
used in s te a d  of O.IM -  KH^PO^.
The r e s u l t s  (Table 10) show th a t  th e  s u rfa c e  charge h as no 
obvious e f f e c t  on th e  s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by 
Saooharomyoes o e re v is ia e  NCYC366.


















60 1 2 0
Tinia (min)
180 240 3 00
F ig u re  2 4 . B inding of PDS by Saociflaromyoes oerev-isiae  NCYC 366 
grown e i th e r  in  d e fin ed  medium (0—0) o r in  MYGP medium (0 —0 ) 
(Wickerham, 1951). A ll organism s a re  h a rv e s te d  in  the  mid­
e x p o n en tia l phase o f grow th. Values in d ic a te d  a re  the  means of 
fo u r d e te rm in a tio n s . V e r t ic a l  b a rs  in d ic a te  95% confidence  
l i m i t s .  The number o f organism s in  one mg dry  w eight e q u iv a le n t 
o f u n tre a te d  c e l l s  o f Saocharomyoes o erev 'is ia e  NCYC 366 i s  
equal to  2 x 10^.
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Glucan Z 34 .4  ± 4 .1 36.04 ± 5 .2
Mannan % 41 .6  ± 4 . 1 43.96  ± 5 .2
P ro te in  % 7 .0  ± 0 .1 5 7 .1  ± 0 .2 6
Phosphorus % 1 .0  ± 0 .05 1 .2  ± 0 .05
Table 9 .  Com position o f w a lls  o f Saocharomyoes oe i^evisiae
t l ia t  liad been grown in  d e fin ed  medium o r MYGP
medium (Wickerham, 1951) and h a rv e s te d  in  the
m id -ex p o n en tia l phase  o f growthJ C o n f i d e n c e  l i m i t s  
I o f  g l u c a n  and mannan r e f e r ,  to  t h e  t o t a l
p o l y s a c c h a r i d e  c o n t e n t ,  j S t a t i s t i c a l  t e s t s  t o r  
s i g n i f i c a n c e  o f  d i f f e r e n c e  w@se! n o t  c a r r i e d  o u t .
pH v a lu e M o b ility
(10“ ® m V ^s“ ^)
S a tu ra tio n  C o n cen tra tio n  
(yg PDS/2 X 10^ organism s)
1 .5 -0 .1 3 2 .00  ± 0 .09
2 .5 -0 .5 0 1 .9 5  ± 0 .1 1
3 ,5 -0 .8 6 2.00 ± 0 .0 8
4 .5 -0 .9 0 2.10  ± 0 .1 0
T ab le  10 E f fe c t  o f pH v a lu e  o f the  suspending  medium on th e  
su rfa c e  charge and the  s a tu r a t io n  c o n c e n tra tio n  o f 
PDS bound by Saooharomyoes o e rev 'is ia e  NCYC 366 th a t  
had been grown in  d e fin ed  medium and h a rv e s te d  in  th e  
m id -ex p o n en tia l phase o f growth.
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EFFECT OF PDS BINDING ON SOME SURFACE PROPERTIES OF SACCHAROMYCES 
CEREVISIAE NCYC 366
The e f f e c t  o f PDS-binding on the  e le c tro p h o r e t ic  m o b il i ty ,  
b in d in g  o f f lu o re s c e n t  an tib o d y , b in d in g  o f f lu o re s c e n t  
concanavalin  A and in v e r ta s e  a c t i v i t y  o f Saooharomyoes o e re v is ia e  
NCYC 366 was s tu d ie d . Organisms were s a tu ra te d  w ith  PDS by 
suspending  them a t  2 .0  mg dry  w e ig h t e q u iv a le n t p e r  ml in  
O.TM -  KH^PO  ̂ b u f f e r  (pH 4 .5 ) c o n ta in in g  Antifoam  M-10 em ulsion 
(200 yg p er ml) and in c u b a tin g  on an o r b i t a l  shaker (300 rev . per 
min) a t  30°C f o r  4 h o u rs .
t
E le c tro p h o re t ic  M o b ility  ^
Organisms s a tu r a te d  w ith  PDS showed a decreased  m o b ility  
betw een pH 4 .0  and 8 .0  as compared w ith  u n tre a te d  organism s (F ig . 
2 5 ). M o b ility  due to  phosphate groups (y ^ ^ ) o f organism s 
s a tu ra te d  w ith  PDS was low er by about 11% compared w ith  u n tre a te d  
o rgan ism s. The c a lc u la te d  m o b ili ty  due to  p ro te in  ( y.  ̂ o ”^ 3  0^ 
o f organism s s a tu ra te d  w ith  PDS was n eg a tiv e  (Table 11).
B inding o f F lu o re sc e n t Antibody and C oncanavalin  A
B inding o f bo th  an tib o d y  ra is e d  a g a in s t  whole c e l l s  and o f 
concanavalin  A by Saooharomyoes o e re v is ia e  i s  w ith  th e  mannan 
component of the c e l l  w a ll . To in v e s t ig a te  any masking e f f e c t  
on th e  mannan caused by s a tu r a t io n  o f organism s w ith  PDS, b in d in g  








0.0 5.0 8.02X> 7.03.0
pH v a lu e
4JD1-0
F ig u re  25 p H -E lec tro p h o re tic  m o b ility  curves o f Saooharomyces 
oeiPeV'is'tae NCYC 366, th a t  had been grown in  
d e fin ed  medium and h a rv e s te d  in  th e  m id -ex p o n en tia l 
phase of grow th. &—O in d ic a te s  u n tre a te dI
organ ism s, 0 —0  organism s t r e a te d  w ith  PDS.
V alues in d ic a te d  a r e  the  means o f 20 o b se rv a tio n s . 
S tandard  e r ro r  of the  mean was le s s  than  2%.
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Organisms M o b ility  (10 ^m^V ^S due to
Phosphate P ro te in
U n trea ted 0 .9 0 .09
PDS-s a tu r a ted 0 .8 -0 .0 8
T ab le  11 M o b il i t ie s  due to  phosphate ( p^^jïand
p ro te in  ( SacoJiaromyces oerev-is'Cae
NCYC 365, b e fo re  and a f t e r  s a tu r a t io n  w ith  PDS. 
Organisms were grown in  d e fin ed  medium and 
h a rv e s te d  in  the  m id -ex p o n en tia l phase o f growth.
-151-
Saûcharomyoes oerevïs'Cae NCYC 366 was s tu d ie d  b e fo re  and a f t e r  
s a tu r a t io n  w ith  PDS, The i n t e n s i t i e s  o f b in d in g  were e s tim a te d  
v i s u a l ly  under th e  m icroscope u s in g  u l t r a v i o l e t  r a d ia t io n  (Table 
1 2 ). A sm all b u t c o n s is te n t  drop in  th e  in te n s i ty  o f b in d in g  
bo th  f lu o re s c e n t  an tib o d y  and f lu o re s c e n t  concanavalin  A was 
observed w ith  organism s s a tu ra te d  w ith  PDS as compared w ith  
u n tre a te d  organism s. P hotograph ic  reco rd s  of f lu o re s c e n t  
an tib o d y  and f lu o r e s c e n t  concanavalin  A s ta in e d  p re p a ra t io n s  
o f P D S -satu ra ted  Saccharomyoes c e v e o ts ia e  NCYC 366 a re  shown 
in  p la te s  8 and 9.
In v e r ta s e  A c tiv i ty  ,
The in v e r ta s e  a c t i v i t y  o f Sacoharomyoes oereV 'tsiae  i s  a s s o c ia te d  
w ith  a g ly c o p ro te in  in  th e  c e l l  w a ll which c o n ta in s  about 50% o f  
■mannan. The e f f e c t  o f  PDS b in d in g  on the  r e le a s e  o f t h i s  enzyme 
by Saoeharomyoes cereV'ts'iae  NCYC 366 was s tu d ie d . The in v e r ta s e  
a c t i v i t y  was e s tim ated  by a method based on th a t  d e sc rib ed  by 
S u tto n  & Dampen (1962). The r e s u l t s  showed th a t  s a tu r a t io n  o f 




re a g e n t u n tre a te d PD S -saturated
F lu o re sc e n t Antibody +++++ +++
F lu o re sc e n t Concanavalin A i +++
Table 12 B inding o f f lu o re s c e n t  an tibody  and f lu o re s c e n t
concanavalin  A by Saccharomyoes cerev-is-iae NCYC 366  ̂
b e fo re  and a f t e r  s a tu r a t io n  w ith  PDS, Organisms 
w ere grown in  d e fin ed  medium and h a rv e s te d  in  the  
m id -ex p o n en tia l phase o f grow th.
Key: +++++ Very b r ig h t  f lu o re sc e n c e ;
+++ Moderate f lu o re sc e n c e .

P la te  8 F lu o re sc e n t an tibody  s ta in e d  p re p a ra t io n  o f 
Sacoharomyoes o e r e v is ïa e  NCYC 366 th a t  had 
been p r e - t r e a te d  w ith  O.IM KHgPO  ̂ b u f f e r  (pH 4 .5 ) 
c o n ta in in g  A ntifoam  M-10 (200 ug p er ml) f o r  4h. 
(M ag n ific a tio n  -  x 2000)
P la te  9 F lu o re sc e n t co n can av a lin  A s ta in e d  p re p a ra t io n  of 
Saccharomyoes ce re v 'is ia e  NCYC 366 th a t  had been 
p r e - t r e a te d  w ith  0 .1  M KH^PO  ̂ b u f f e r  (pH 4 .5 ) c o n ta in in g  
A ntifoam  M-10 (200 yg per ml) fo r  4 h .
(M ag n ific a tio n  -  x2000
-1 3 4 -
P la te  8
P la te  9
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Organisms 
U n trea ted  P D S -sa tu ra ted
In v e r ta s e  a c t i v i t y  (pM
su cro se  consumed p e r  mg
0-35 ± 0 ,0 3  0 .3 4  ± 0 .04
dry w eigh t e q u iv a le n t
p e r min)
Table D . E f fe c t  o f PDS s a tu r a t io n  on th e  in v e r ta s e  a c t i v i t y  o f 
Saoohccrowyees c e r e v is îa e  NCYC 366- V alues in d ic a te d  
a re  th e  means o f fo u r d e te rm in a tio n s  ± 95% co n fid en ce  
lim i t s . Organisms were grow n.in  de fin ed  medium and 
h a rv e s te d  in  the m id -ex p o n en tia l phase of growth-
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PART I I
ROLE OF PHOSPHODIESTER-LINKED MANNAN IN FLOCCULATION OF
SACCHAROMYOES- CEREVISIAE
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EFFECT OF HYDROFLUORIC ACID TREATMENT ON THE CELL-WALL COMPOSITION 
OF SACCEAROMYCES CEREVISIAE
Treatm ent o f phosphomannan, e x tra c te d  from c e l l - w a l l s  o f 
Saccharomyoes cereV'Lsiae w ith  h y d ro f lu o r ic  a c id  (40 Z, v /v )  a t  
room tem peratu re  has been re p o rte d  to  remove 70% of the  phosphorus 
w ith o u t any d e te c ta b le  decrease  in  the  m olecu lar w eigh t (Cawley 
e t  , 1972). H y d ro flu o ric  a c id  (60%, v /v ) has a lso  been used 
to  c leav e  p h o sp h o d ies te r groups i n  te ic h o ic  a c id  (B urger &
G la se r , 1964; A rch ib a ld  e t  a Z ., 1968) and p h o sp h o lip id s  (Shaw ,
& S tead , 1974) e x tra c te d  from b a c te r ia .  Because co n ce n tra te d  
h y d ro f lu o r ic  a c id  can remove phosphate groups, in  th e  d i e s t e r i f i e d  
s t a t e ,  from compounds in c lu d in g  p o ly sa c c h a r id e s ,w ith o u t any
)
s ig n i f i c a n t  h y d ro ly s is  o f g ly c o s id ic  bonds, i t  was used to  t r e a t  
c e l l s  and w a lls  o f Saoeharomyoes cereiyisYae  i n  o rd e r to  remove 
phosphate  groups from the  w a ll phosphomannan- -
I s o la te d  w a lls  o f Sacoharomyoes oerev'is'iae  NCYC 366, NCYC 1004, 
NCYC 1005 and NCYC 1063 were analysed  fo r  g lu can , mannan, p ro te in  
and phosphorus b e fo re  and a f t e r  tre a tm e n t w ith  h y d ro f lu o r ic  a c id  
(58 -  62%, v /v ) .  W alls from each o f the s t r a in s  o f Saooharomyoes 
o e re v is ia e  used in  th i s  s tudy  d i f f e r e d  s l i g h t ly  in  t h e i r  c o n te n ts  
o f  g lu can , mannan, p ro te in  and phosphorus (Table 1 4 ). These 
components accounted fo r  84 -  91% of the  dry  w eigh t of th e  w a l l s ,  
th e  rem ainder o f the  w a ll presum ably be ing  accounted fo r  by l i p i d  
and sm all amounts o f glucosam ine n e i th e r  o f which was determ ined  
in  th i s  s tu d y . T re a tin g  w a lls  w ith  h y d ro f lu o r ic  a c id  led  to  the  
lo s s  o f  7 -  10% of the dry  w e ig h t. About h a l f  of th is  lo s s  can
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be accounted fo r  by the  d isappearance  o f a la rg e  p ro p o rtio n  o f  the 
phosphorus in  the w a ll ,  and by the lo s s  o f some mannan and a l i t t l e  
g lucan . W alls o f s t r a i n  NCYC 1063 a lso  l o s t  some p ro te in  fo llo w in g  
trea tm en t w ith  h y d ro f lu o r ic  a c id . The decrease  in  phosphorus 
(abou t 80 -  90%) and mannan (about 6 -  9%) co n ten ts  in d ic a te  th a t  
tre a tm e n t w ith  h y d ro f lu o r ic  a c id  lead s  to  the  removal o f most o f the 
p h o sp h o d ies te r lin k ag es  and re le a s e  presum ably mannose o lig o sa c c h a r id e s  
which l i e  te rm in a l to  th e  p h o sp h o d ies te r l in k a g e s .
EFFECT OF HYDROFLUORIC ACID TREATMENT ON THE SEDIMENTATION RATES OF 
SACCHAROMYOES CEREVISIAE
Since tre a tm e n t o f  w a lls  o f  Saecharomyoes cerevYs'iae  w ith
I
h y d ro f lu o r ic  a c id  removed 80 -  90% o f th e  w a ll phosphorus w ith o u t 
cau s in g  e x ten s iv e  lo s s e s  o f  o th e r  conponents^ th i s  tre a tm e n t was 
used on whole c e l l s  o f  Saoeharomyces c e r e v is ia e  in  o rd e r to  s tu d y  
the  e f f e c t  o f removal o f  phosphorus from w a ll phosphomannan on 
f lo c c u la t io n .  F re e z e -d r ie d  whole c e l l s  o f Saooharomyoes c e r e v is ia e  
w ere t r e a te d  w ith  h y d ro f lu o r ic  a c id  (58 — 62%, v /v )  and the  r a t e  o f 
f lo c c u la t io n  as exp ressed  by th e i r  sed im en ta tio n  r a te s  was s tu d ie d  
b e fo re  and a f t e r  the tre a tm e n t. In  a s e p a ra te  s e t  o f experim ents 
i t  was e s ta b l is h e d  th a t  the  sed im en ta tio n  r a te s  o f f r e e z e -d r ie d  
organism s were comparable to  those o f f r e s h ly  h a rv e s te d  organism s. 
S ed im entation  r a te s  were measured a t  pH 4 .5  e i th e r  in  0.05M 
sodium a c e ta te  b u f f e r  supplem ented w ith  CaCl^ (0.1%, w/v) o r in  
d e io n ized  w a te r , as f lo c c u len c e  i s  b e s t  ex p ressed  in  th e  range 
pH 4 .5  -  5 .5  (M ill , 1964b). S edim entation  r a te s  o f u n tre a te d  and
-1 4 0 -
h y d ro f lu o r ic  a c id - t r e a te d  c e l l s  o f Saooharomyoes oerev'is'iae  NCYC 366, 
NCYC 1004, NCYC 1005 and NCYC 1063 a re  g iven  in  Table 15.
Of the fo u r s t r a in s  s tu d ie d , u n tre a te d  c e l l s  o f NCYC 366 
and NCYC 1004 had very  low sed im en ta tio n  r a te s  when te s t e d  in  
CaClg supplem ented sodium a c e ta te  b u f fe r  (pH 4 .5 ) ,  c h a r a c t e r i s t i c  
o f n o n -f lo c c u le n t y e a s t ,  whereas NCYC 1005 and NCYC 1063 showed much 
h ig h e r  sed im en ta tio n  r a te s  c h a r a c te r i s t i c  o f f lo c c u le n t  y e a s t s .  
T reatm ent w ith  h y d ro f lu o r ic  a c id  caused th e  sed im en ta tio n  r a t e s  
o f  a l l  fo u r s t r a in s  to  in c re a s e ,  th e  in c re a s e  b e in g  g re a te r  w ith  
th e  two n o n -f lo c c u le n t s t r a in s  (NCYC 366 and NCYC 1004). 
S ed im en ta tion  r a te s  o f u n tre a te d  c e l l s  o f the two f lo c c u le n t  s t r a in s  
(NCYC 1005 and NCYC 1063) d e c lin ed  to  very  low v a lu es  c h a r a c te r i s t i c
I
o f  n o n -f lo c c u le n t s t r a in s  when the  c e l l s  were washed and ^
sed im en ta tio n  r a t e s  w ere te s t e d  in  d e io n ized  w a te r . A l th o u ^  th e
sed im en ta tio n  r a te s  o f  b y d ro f lu o r ic  a c id - t r e a te d  c e l l s  of a l l  fo u r
s t r a in s  a lso  d e c lin ed  to  low v a lu es  w ith  the same tre a tm e n t, they
needed to  be washed w ith  10 mM EDTA fo r  t h e i r  sed im en ta tio n  r a te s
to  d e c lin e  to  v a lu e s  c h a r a c te r i s t i c  o f n o n -f Ic o c u le n t s t r a i n s .
Organisms d e f lo c c u la te d  by washing in  de io n ized  w ater o r 10 mM
EDTA reg a in ed  f lo c c u le n c e  fo llo w in g  the a d d itio n  o f CaCl (0.1%,
2
w /v) in to  the  suspending  medium.
There was a p o s s i b i l i t y  th a t  a t  l e a s t  some o f th e  e f f e c t s  
observed  fo llo w in g  trea tm en t o f y e a s ts  w ith  h y d ro f lu o r ic  a c id  
were caused by r e te n t io n  o f F ions in  the envelope la y e rs  o f the 
organ ism s. Assays fo r  f lu o r id e  were- im p ra c tic a b le  m ainly because 
o f th e  p resence  o f a p p re c ia b le  amounts o f phosphate in  y e a s t  w a lls .
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U n trea ted  organism s were th e re fo re  suspended in  a s o lu t io n  o f 
p o tassium  f lu o r id e  (11%, w/v) ,which had th e  same F io n  c o n c e n tra tio n  
as in  the  h y d ro f lu o r ic  a c id  tre a tm e n t, fo r  5 h and the  sed im en ta tio n  
r a te s  o f washed organism s were measured in  CaCl^-supplem ented sodium 
a c e ta te  b u f fe r  (0.05M, pH 4 ,5 ) .  This tre a tm en t had no m easurable 
e f f e c t  on the sed im en ta tio n  r a te s  o f any o f th e  s t r a in s  excep t 
NCYC 1005, where th e  r a t e  d ec lin ed  to  about h a l f  of th a t  o f 
organism s th a t  had n o t been  t r e a te d  (T able 16).
A nalyses o f h y d ro f lu o r ic  a c id - t r e a te d  w a lls  show th e  lo s s  o f  
components o th e r  than  those  an a ly sed . In  o rd e r to  a sse ss  th e  
e f f e c t  o f e x tr a c t in g  l i p i d s ,  f r e e z e -d r ie d  c e l l s  were e x tra c te d  by 
th e  method o f L e t te r s  (1968) m odified  by H unter & ^ s e  (1972).
T rea ted  c e l l s  were washed and f r e e z e -d r ie d ,  and the sed im en ta tio n  
r a t e s  o f th e se  c e l l s  m easured in  0.05M sodium a c e ta te  b u f f e r  
(pH 4 /5) c o n ta in in g  CaClg (0.1%, w /v ). Celk o f n o n -f lo c c u le n t 
s t r a in s  showed more o r le s s  the  same sed im en ta tio n  r a te s  as th e  
co rrespond ing  u n tre a te d  c e l l s  w hereas f lo d c u le n t  s t r a in s  showed 
much low er sed im en ta tio n  r a te s  fo llow ing  l i p i d  e x tr a c t io n  (Table 1 6 ) .
Treatm ent of y e a s t  w ith  1 ,2  epoxypropane (5%, v /v ) in  0.05M 
sodium a c e ta te  ; b u f f e r  (pH 4 .5 ) ,  which i s  an e s te r i f y in g  a g e n t, 
has been claim ed to  e s t e r i f y  carboii^l groups in  the c e l l  w a ll 
(M ill , 1964b) and cause a drop o f 20% in  the ca lc ium -b ind ing  
c a p a c ity  o f y e a s t  c e l l  w a lls  (Lyons & Hough, 1970a, b ) . I t  was 
a lso  claim ed by M ill (1964b) th a t  th is  tre a tm e n t caused com plete 
d e f lo c c u la t io n  o f p o te n t ia l ly  f lo c c u le n t  y e a s t .  However in  the  
p re s e n t s tu d y , a lthough  a co n s id e ra b le  decrease  in  sed im en ta tio n
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r a te s  was observed w ith  bo th  u n tre a te d  c e l l s  o f f lo c c u le n t  s t r a in s  
and h y d ro f lu o r ic  a c id - t r e a te d  organism s by trea tm en t w ith  1 ,2  epoxy- 
propane (5%, v /v ) in  0.05M sodium a c e ta te  b u f fe r  (pH 4 .5 ) o v e rn ig h t, 
com plete d e f lo c c u la t io n  was n o t ach ieved  (T able 16).
EFFECT OF MANNOSE ON THE SEDIMENTATION RATE OF UNTREATED AND 
HYDROFLUORIC ACID-TREATED SACCHAROMYOES CEREVISIAE
Mannose and o th e r  fe rm en tab le  sugars d e f lo c c u la te  f lo c c u le n t  
s t r a in s  o f b rew er’ s y e a s t  when in c lu d ed  in  th e  suspending  medium 
(Eddy, 1955a). The e f f e c t  o f mannose on th e  sed im en ta tio n  r a t e  o f 
u n tre a te d  and h y d ro f lu o r ic  a c id - t r e a te d  Sacoharomyoes o e r e v i s ia e . 
was s tu d ie d . The sed im en ta tio n  r a te s  were measured u s in g  0.05M 
sodium a c e ta te  b u f fe r  (pH 4 .5 ) c o n ta in in g  CaClg (0.1%, w/v) 
and d i f f e r e n t  c o n c e n tra tio n s  of mannose.
The sed im en ta tio n  r a t e  o f u n tre a te d  f lo c c u le n t  Saooharomyoes 
oerev'is'iae  was decreased  to  a  very  low va lu e  c h a r a c te r i s t i c  of 
n o n -f lo c c u le n t s t r a in s  by mannose a t  a c o n ce n tra tio n  o f approx im ately  
220 mmol p e r  l i t r e  (F ig  2 6 ). However, mannose up to  a c o n c e n tra tip n  
o f approxim ately  330 mmol p e r l i t r e  d id  n o t have an a p p re c ia b le  
e f f e c t  on the sed im en ta tio n  r a te  o f h y d ro f lu o r ic  a c id - t r e a te d  
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C o n ce n tra tio n  o f mannose (m m o l / l i t r e )
F ig u re  26 . E f fe c t  o f  mannose on th e  sed im en ta tio n  r a t e  
u n tr e a te d  and h y d ro f lu o r ic  a c id - t r e a te d  
Saoeharomyces c e r e v îs îa e  . S ed im en ta tio n  r a t e s  
v e re  m easured  in  0 .0 5  M sodium a c e ta te  b u f f e r  
(pH 4 .5 ) c o n ta in in g  CaCl^ (0.1%, w/v) and d i f f e r e n t  
c o n c e n tra tio n s  of mannose. 0 — O in d ic a te s  u n tr e a te d
c e l l s  o f  NCYC 1063, 0 - - -0  H F -tre a te d  c e l l s  o f
NCYC 1063, A A H ^ -tre a te d  c e l l s  o f  NCYC 366.
Organisms were grown in  MYGP medium and h a rv e s te d  
in  the  s t a t io n a r y  phase o f  grow th. Values 
in d ic a te d  a re  the  means o f fo u r d e te rm in a tio n s , 
th e  95% co n fid en ce  l im i t s  were le s s  than  8%.
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EFFECT OF HYDROFLUORIC ACID TREATMENT ON SURFACE PROPERTIES OF 
SACCUAROmCES CEREVISIAE
V arious su rfa c e  p ro p e r t ie s  o f whole c e l l s  b e fo re  and a f t e r  
tre a tm e n t w ith  h y d ro f lu o r ic  a c id  (58 -  62%  ̂ v /v )  were s tu d ie d . 
These w ere; (a) b in d in g  o f f lu o re s c e n t  an tibody ; (b) b in d in g  
o f  f lu o r e s c e n t  concanavalin  A; and (c) e le c tro p h o r e t ic  m o b ility . 
A ll o f  th e se  p ro p e r t ie s  a re  b e lie v e d  to  be a s s o c ia te d  w ith  e i t h e r  
th e  mannan o r  th e  mannan—p ro te in  o f  th e  y e a s t  w a l l .
H y d ro flu o ric  a c id - t r e a te d  Saecharomyces c e r e v is ia e  s t r a i n s  
NCYC 366, NCYC 1004, NCYC 1005 and NCYC 1063 bound an tibody  
r a is e d  a g a in s t  NCYC 366 much le s s  a v id ly  compared w ith  u n tre a te d
c e l l s .  However, b o th  u n tre a te d  and h y d ro f lu o r ic  a c id - t r e a te d
!
c e l l s  o f a l l  fo u r  s t r a in s  bound f lu o re s c e n t  concanavalin  A to  
th e  same e x te n t .  H y d ro flu o ric  a c id  tre a tm e n t had no e f f e c t  on 
the  c ap a c ity  to  b in d  f lu o re s c e n t  concanavalin  A (Table 1 7 ),
The e le c t r o p h o r e t ic  m o b i l i t ie s  o f Saooharomyoes oerev'is'iae  
s t r a i n s  NCYC 366, NCYC 1004, NCYC 1005 and NCYC 1063 were measured 
b e fo re  and a f t e r  tre a tm e n t w ith  h y d ro f lu o r ic  a c id  in  th e  pH 
range 2 .0  -  8 .0  u s in g  b u f fe rs  o f io n ic  s tre n g th s  0 .05  and 0.005 
(F ig s . 27 - 3 0 ) .  As d e sc rib e d  e a r l i e r  th e  m o b ility  a t  pH 4 .0  
(y^ q) g ives a measure o f th e  m o b ility  due to  phosphate 
groups o f the phosphomannan whereas th e  change in  the  m o b ility  
between pH 3 .0  and 7 .0  (y^ o " ^3 0^ g ives a measure o f th e  
c o n tr ib u tio n  from p ro te in  (Eddy & Rudiu, 1958b). Assuming 
a sym m etrical decay o f  p o te n t ia l  about th e  s o l id - l iq u id  in te r f a c e  
the  e le c tro p h o r e t ic  m o b ility  in  b u ffe rs  of io n ic  s tre n g th
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pH v a lu e
f ig u r e  27 p H -E lec tro p h o re tic  m o b ility  curves o f Saocharomyees 
oeTe'O'ts'iae NCYC 366, grown in  MYGP medium (Wickerham, 1951) 
.and h a rv e s te d  in  the  l a t e  s ta t io n a r y  phase o f grow th. #—#
in d ic a te s  u n tre a te d  organism s ( I  — 0 .0 5 ) ,  0-----0 u n tre a te d
organism s ( I  — 0 .005) ,V—V HF—tre a te d  organism s ( I  = 0 .0 5 ) ,
V— V H F -trea ted  organism s ( I  = 0 .0 0 5 ) .
V alues in d ic a te d  are the means o f  20 o b se r v a tio n s . The
standard error o f  the mean was l e s s  than 2%.




I 0.0 5.01.0 2.0 8.06.0 7.0
0.2 U pH v a lu e
F ig u re  28 p H -E le c tro p h o re tic  m o b ility  cu rves o f 
Saoeharomyoes oerev-is iae  NCYC 1004, grown in  MYGP medium 
(Wickerham, 1951) and h a rv e s te d  in  the l a t e  s ta t io n a r y  
phase o f grow th. #— ® in d ic a te s  u n tre a te d  organism s
( I  = 0 .0 5 ) ,  0— 0 u n tre a te d  organism s ( I  = 0 .005) ,▼—▼ 
H F -tre a te d  organism s ( I  = 0 .0 5 ) ,  V— 7 H F -trea ted  
organism s ( I  = 0 .0 0 5 ) . . '
V alues in d ic a te d  are the means o f  20 o b se r v a tio n s . The
standard error  o f the mean was l e s s  than 2%.











I 0.0 2.0 8.01.0 7.05.0 6.0
pH value
+ 0.1
F ig u re  29 p H -E lec trb p h o re tic  m o b ility  curves o f Saceharomyces 
ceveV'ls'iae NCYC 1005, grown in  MYGP medium (Wickerham, 1951) 
and h a rv e s te d  in  the l a t e  s ta t io n a r y  phase o f growth. #— $ 
in d ic a te s  u n tre a te d  organism s ( I  = 0 .0 5 ) ,  0 —0 u n tre a te d
organism s ( I  ~ 0 .005 ),V —▼ H F -trea ted  organism s ( I  = 0 .0 5 ) ,
V— V H F -trea ted  organism s ( I  = 0 .0 0 5 ).
V alues in d ia te d  are the means o f  20 o b se r v a tio n s . The
standard error o f  the mean was l e s s  than 2%.








+ 0.2 pH v a lu e
T ig u re  50 p H -E lec tro p h o re tic  m o b ility  curves o f 
Saoeharomyces c e r e v is ia e  NCYC 1063, grown in  MYGP medium 
(Wickerham, 1951) a n d 'h a rv e s te d  i n  the  l a t e  s ta t io n a r y
phase o f grow th. #---- # in d ic a te s  u n tre a te d  organism s
( I  = 0 .0 5 ) ,  0-----0 u n tre a te d  organism s ( I  = 0 .0 0 5 ) ,
— V H F -trea ted  organism s (I  = 0 .0 5 ) ,  V— V HF-
tr e a te d  organism s ( I  = 0 .0 0 5 ) .
Values in d ic a te d  a re  the  means of 20 o b se rv a tio n s . The 
s tan d a rd  e r r o r  o f the. mean was le s s  than  2%.
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0 .0 5  and 0.005 depends on the su rfa c e  la y e rs  o f 1 .4  and 4 .2  nm 
o f  th ic k n e s s , r e s p e c t iv e ly  (F is h e r ,  1975), T h ere fo re  th i s  s tudy  
in v o lv es  a q u a n t i ta t iv e  in v e s t ig a t io n  o f th e  th re e  types o f ionogen ic  
g r01:^5 found in  th e  su rfa c e  la y e rs  o f  th e  c e l l  w a ll o f 1 .4  and 4 ,2  
nm o f  th ic k n e ss .
U n trea ted  c e l l s  o f NCYC 366 in  b u ffe rs  o f io n ic  s tre n g th  
0 .0 5  showed a ty p ic a l  p ro te in -p h o sp h a te  type o f pH -m obility  curve 
w ith o u t any p o s i t iv e  m o b ili ty . The c o n tr ib u tio n  by p h o sp h ate  
groups was g re a te r  than  th a t  of p ro te in .  C e lls  o f  th e  same s t r a i n  
in  b u f fe r s  o f io n ic  s tre n g th  0.005 showed a h ig h e r c o n tr ib u tio n  
from  bo th  phosphate and p r o te in ,  than a t  io n ic  s tre n g th  0 .0 5 ,
However the c o n tr ib  u tion from phosphate groups was lower than  
from p ro te in .  In  a d d i t io n ,  th e  p o s i t iv e  m o b ility  below pH 4 ,0  
showed the  p a r t i c ip a t io n  o f more amino groups a t  th i s  low er io n ic  
s t r e n g th  , The pH -m obility  carves o f  NCYC 366 a f t e r  h y d ro f lu o r ic  
a c id  tre a tm e n t showed a decrease  in  th e  o v e ra l l  m o b ility  a t  bo th  
io n ic  s t r e n g th s .  A lthough th ese  curves'*showed the  p a r t i c ip a t io n  o f  
a l l  th re e  types o f ionogen ic  g ro u p s , the  c o n tr ib u tio n  from 
phosphate groups was g re a t ly  decreased  as compared w ith  u n tre a te d  
c e l l s .
The pH -m obility  curve o f u n tre a te d  NCYC 1004 a t  io n ic  
s t r e n g th  0 .05  in d ic a te d  c o n tr ib u tio n s  from bo th  phosphate and 
p ro te in .  Both NCYC 366 and NCYC 1004 which a re  n o n -f lo c c u le n t 
s t r a in s  d id  n o t show any p o s i t iv e  m o b ility  a t  th i s  io n ic  s tre n g th *  
However, w ith  NCYC 1004 th e  h ig h e r  c o n tr ib u tio n  to  th e  o v e ra l l
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m o b ility  came from p ro te in  . The o v e ra l l  n e g a tiv e  m o b ility  o f 
NCYC 1004 a t  io n ic  s tre n g th  0 .005 was u n u su a lly  low. But as w ith  
NCYC 366 more amino groups were in vo lved  a t  th is  lower io n ic  
s t r e n g th ,  w ith  p ro te in  c o n tr ib u tin g  mare than  phosphate groups to  
th e  o v e ra l l  m o b ility . There was a co n sid e ra b le  low ering  o f the  
o v e ra l l  n eg a tiv e  m o b ility  a f t e r  tre a tm e n t w ith  h y d ro f lu o r ic  a c id ,  
a t  bo th  io n ic  s t r e n g th s .  Here again  the  m o b il i t ie s  due to 
phosphate  groups were decreased  to  a very  g re a t e x te n t .
The o v e ra l l  n e g a tiv e  m o b i l i t ie s  o f  u n tre a te d  c e l l s  o f  
NCYC 1005 a t  b o th  io n ic  s tre n g th s  were much low er than  those o f 
the  o th e r  th re e  s t r a in s  s tu d ie d . U nlike n o n -f lo c c u le n t s t r a in s  
(NCYC 366 and NCYC 1004) th e  f lo c c u le n t  s t r a in s  (NCYC 1005 and 
NCYC 1063) showed p o s i t iv e  m o b il i t ie s  a t  low er pH v a lu es  a t  bo th  
io n ic  s t r e n g th s .  For u n tre a te d  NCYC 1005, the  c o n tr ib u tio n  from 
p ro te in  was g re a te r  than  from phosphate groups a t  b o th  io n ic  
s t r e n g th s .  The h y d ro f lu o r ic  a c id - t r e a te d  c e l l s  o f  NCYC 1005 
showed ty p ic a l  am ino-carboxyl type pH -m obility  curves w ith  
v i r t u a l l y  no p a r t ic ip a t io n  from  phosphate groups.
The pH -m obility  curves o f  u n tre a te d  NCYC 1.063 a t  bo th  io n ic  
s tre n g th s  in d ic a te d  c o n tr ib u tio n s  from a l l  th re e  types o f  io n ogen ic  
g roups, w ith  the  c o n tr ib u tio n  from p ro te in  g re a te r  than from 
phosphate groups. T reatm ent w ith  h y d ro f lu o r ic  a c id  was found to  
lower the  m o b ility  a t  pH 4 .0  which i s  due to  phosphate groups 
to  a g re a t e x te n t as observed w ith  o th e r  s t r a i n s .
The decrease  in  m o b i l i t ie s  due to  phosphate groups (p^ q) a t  
bo th  io n ic  s t r e n g th s ,  a f t e r  tre a tm e n t w ith  h y d ro f lu o r ic  a c id
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(58 -  62%, v /v ) , a re  given in  Table 18. These r e s u l t s  show th a t  
th e  h y d ro f lu o r ic  a c id  tre a tm en t removed 70 — 100% o f the  m o b ility  
due to  phosphate groups. As a r e s u l t  the  r a t i o  p ro te in  m o b ili ty :  
phosphate m o b ility  g iven  by (p^ ^ -  p^ ^ ) ^  in c re a se d  from 
below 2 .0  fo r  u n tre a te d  c e l l s  to  above 3 .5  and reach in g  v a lu es  
as h igh  as 20.5 fo r  h y d ro f lu o r ic  a c id - t r e a te d  c e l l s  (Table 19).
In  some s t r a i n s ,  c o n tr ib u tio n s  from phosphate groups were com pletely  
removed and the  n e g a tiv e  m o b ility  was due e n t i r e ly  to  carboxyl 
groups.
EFFECT OF HYDROFLUORIC ACID TREATMENT ON CALCIUM BINDING BY 
CELL WALLS OF SACCHAROMICES CEREVISIAE '
}
B inding o f calc ium  by u n tre a te d  and h y d ro f lu o r ic  a c id -  
t r e a te d  w a lls  o f s t r a in s  o f  Saccharomyoes c e r e v i^ ia e  was s tu d ie d  
by suspending  10 mM EDTA-washed c e l l  w a lls  a t  a c o n c e n tra tio n  
o f 5 mg dry w eight p e r  ml in  0.05M sodium a c e ta te  b u f f e r  (pH 4 .5 ) 
c o n ta in in g  3.6 mmol CaClg and approxim ately  0 .4  mCi o f Ca^^Cl^ 
p e r  l i t r e .  The susp en sio n  was in cu b a ted  a t  30°C w ith  s t i r r i n g  f o r  
40 min.
U n trea ted  w a lls  bound approxim ately  300 -  400 pg calcium  
p e r  100 mg dry w eight o f w a l ls .  H y d ro flu o ric  a c id - t r e a te d  w a lls  
bound much g re a te r  amounts o f calc ium  rang ing  from 475 -  550 p g 
calc ium  p e r  lOOmg dry w eigh t w a lls  (Table 20). There was a 
p o s s i b i l i t y  th a t  h ig h e r  v a lues o b ta in ed  fo r  calcium  b in d in g  by 
h y d ro f lu o r ic  a c id - t r e a te d  w a lls  were p a r t ly  due to  F ions 
re ta in e d  in  th e  w a lls  fo llo w in g  h y d ro f lu o r ic  a c id  tre a tm e n t.
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T here fo re  calcium  b in d in g  by w a lls  o f  one f lo c c u le i j t  and one 
n o n -f lo c c u le n t s t r a i n  t r e a te d  w ith  po tassium  f lu o r id e  (11%, w /v ) , 
which had the  same c o n c e n tra tio n  o f F ions as in  the  h y d ro f lu o r ic  
a c id  tre a tm e n t, was a lso  s tu d ie d .
C e ll w a lls  o f NCYC 366 and NCYC 1063 were suspended in  
po tassium  f lu o r id e  s o lu t io n  (11%, w/v) a t  a c o n c e n tra tio n  of 
10 mg dry  w eigh t p e r ml f o r  3-5  h . Then th ey  were washed f iv e  
tim es w ith  d i s t i l l e d  w a te r  and f r e e z e - d r ie d .  The calcium
b in d in g  by th e se  po tass iu m  f lu o r id e - t r e a te d  c e l l  w a lls  was 
s tu d ie d  as d e sc rib ed  e a r l i e r .  Potassium  f lu o r id e - t r e a te d  
c e l l  w a lls  bound approxim ately  300 yg more calcium  p e r 100 mg 
dry w eight o f w a lls  as compared w ith  u n tre a te d  c e l l  w a lls  
in d ic a t in g  the  r e te n t io n  o f  F io n s  (Table 2 0 ).




POLYDIMETHYLSILOXANE (PDS) BINDING BY SACCHAROMICES CEREVISIAE
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I t  has been found by Vernon & Rose (1976) th a t  Sacoharomuces 
eepet^iszae  b inds sm all amounts o f  PDS when suspended in  a  s u i ta b le  
b u f f e r  o r  grown in  a medium c o n ta in in g  the  an tifo am . Due to  th e  
i n s o l u b i l i t y  o f  PDS in  w a te r , i t  has to  be  in c o rp o ra te d  in to  
aqueous media in  the  form o f an em ulsion. In  t h e i r  work,
Vernon & Rose (1976) in c o rp o ra te d  PDS in to  aqueous media by using  
A ntifoam  M-10 (Dow Corning L td . ,  B arry , U.K.) which i s  a PDS- 
in -w a te r  em ulsion . T h is em ulsion co n ta in ed  a conplex  m ix tu re  o f 
compounds, in c lu d in g  e m u ls if ie rs  and th ic k e n e rs ,  in  a d d itio n  to  
PDS, and th e se  compounds determ ine the chem ical and p h y s ica l 
p ro p e r t ie s  o f  the  em ulsion to  a very  g re a t  e x te n t .  The p resence  
o f th e se  in g re d ie n ts  in  th e  em ulsion was expected  to  have a 
s ig n i f i c a n t  e f f e c t  on th e  b in d in g  o f PDS by y e a s ts .  Furtherm ore, 
e m u ls if ie r s  and th ic k e n e rs ,  b e in g  su rfa c e  a c t iv e  them selves, would 
be  expected  to  compete fo r  b in d in g  s i t e s  on the  y e a s t  c e l l  w r l l .  
T herefo re  i t  was thought a p p ro p ria te  to  in v e s t ig a te  the  e f f e c t  o f 
th e se  in g re d ie n ts  on PDS b in d in g  by Saoaharomyoes oereV'Csïae.
A ntifoam  M-10 co n ta in s  two e m u ls i f ie r s ,  namely polyoxy- 
e th y len e  s o rb ita n  m onosteara te  and g ly c e ro l m onosteara te  and a 
th ic k e n e r , sodium carboxym ethyl c e l lu lo s e .  E m u ls if ie rs  b a s ic a l ly  
a re  chem ical com binations o f  two p ro d u c ts , one hav ing  a s tro n g  
a f f i n i t y  fo r  w ater and th e  o th e r  a s tro n g  a f f i n i t y  fo r  f a t  ( o i l ) .
In  the  h y d ro p h il ic - l ip o p h il ic -b a la n c e  (HLB) system  o f e m u ls if ie r  
c l a s s i f i c a t i o n ,  a number i s  ass ig n ed  to each e m u ls if ie r  which 
ex p resses  th e  b a lan ce  o f the  number and s tr e n g th  o f i t s  h y d ro p h ilic  
groups as compared w ith  i t s  l ip o p h i l i c  groups. The HLB sc a le
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ex tends from zero  to  20, and as the HLB v a lu e  ( i . e .  the  p re ­
ponderance o f h y d ro p h ilic  groups) in c re a s e s  the  e m u ls if ie rs  
become more so lu b le  in  w a te r and th e i r  fu n c tio n  changes from 
b e in g  w a te r - in - o i l  e m u ls if ie rs  to  o i1 - in -w a te r  e m u ls i f ie r s .
W hile g ly c e ro l m onosteara te  has a HLB va lu e  o f 3 .7 , c h a r a c te r i s t i c  
o f l i p o p h i l i c  e m u ls if ie r s ,  po lyoxyethy lene s o rb ita n  m onosteara te  
has a  HLB v a lu e  o f 14.9 c h a r a c te r i s t i c  of h y d ro p h ilic  e m u ls if ie r s .  
Each system  to  be e m u ls if ie d  has a  s o -c a l le d  ’ re q u ire d  HLB value* 
(optimum HLB v a lu e) which i s  determ ined e x p e rim en ta lly  and the  
e m u ls if ie r s  o r  e m u ls if ie r  b lends p o sse ss in g  th i s  HLB va lue  
sh o u ld , in  th e o ry , be the  most e f f e c t iv e  a t  prom oting the  
fo rm ation  and s t a b i l i t y  o f  th e  re q u ire d  em ulsion. E m u ls if ie r  
b le n d s  hav ing  the  re q u ire d  HLB value  a re  u su a lly  reckoned to   ̂
b e  more e f f e c t iv e  in  th i s  r e s p e c t  th an  a  s in g le  e m u ls if ie r  hav in g  
th e  re q u ire d  HLB v a lu e  (L ecch in i, 1971). Em ulsions o f  th e  o i l -  
in -w a te r  type have th e i r  b e s t  s t a b i l i t y  a t  HLB v a lu es  around 11-12 
(Boyde, P ark in son  & Sherman, 1972). Antifoam  M-10 which f a l l s  
i n to  th i s  ca teg o ry  h as  an HLB v a lu e  o f 1 0 .4 , and assuming th i s  to  
be the re q u ire d  HLB v a lu e  fo r  such em ulsions. Antifoam  M-10 and 
s im ila r  PD S-in-w ater em ulsions w i l l  have t h e i r  b e s t  s t a b i l i t y  a t  
th i s  v a lu e .
I n  th e  p re s e n t s tudy  a s e r ie s  o f PD S-in-w ater em ulsions w ith  
d i f f e r e n t  co n ce n tra tio n s  o f po lyoxyethy lene s o rb ita n  m onosteara te  
o r  g ly c e ro l m onosteara te  were used to  s tudy  the  s a tu r a t io n  
c o n c e n tra tio n  o f PDS bound by Saccharomyces oeTeV'tsvae» When 
the  c o n c e n tra tio n  o f po lyoxyethy lene  s o rb ita n  m onosteara te  o r
“ 162-
g ly c e ro l m onosteara te  was r e la te d  to  th e  s a tu r a t io n  c o n c e n tra tio n  
o f  PDS bound by th e  organisms, any decrease  in  the  c o n c e n tra tio n  
o f e i th e r  po lyoxyethy lene s o rb i ta n  m onosteara te  o r  g ly c e ro l 
m onosteara te  from t h e i r  o r ig in a l  v a lu e  ( i . e .  th e  c o n c e n tra tio n  in  
Antifoam  M-10) le d  to  an in c re a se  in  th e  s a tu r a t io n  c o n c e n tra tio n  
o f PDS bound in  a l in e a r  manner. This could be ex p la in ed  e i th e r  
o f  two ways. F i r s t l y  a s i tu a t io n  may be env isaged  where th e re  i s  
a  co m p etitio n  betw een PDS and o th e r  s u r fa c e -a c t iv e  in g re d ie n ts ,  
i n  th e  em ulsion , fo r  th e  b in d in g  s i t e s  on th e  su rfa c e  o f  the  y e a s t .  
In  such a s i tu a t io n  low ering  th e  c o n c e n tra tio n  o f any one o f th e  
e m u ls if ie rs  would le ad  to  le s s  co m p etitio n  making more b in d in g  
s i t e s  a v a ila b le  f o r  PDS. Secondly, i t  i s  w e ll known th a t  
po lym eric  m a te r ia l  in  s o lu t io n  a re  adsorbed more s tro n g ly  from a 
poor s o lv e n t ( le s s  s ta b le  s o lu tio n )  than  from a good so lv e n t 
(more s ta b le  s o lu t io n ;  K ip lin g , 1965). A dsorp tion  from em ulsions 
may be co n sid ered  as an analogous s i tu a t io n  where more ad so rp tio n  
cou ld  occur from a le s s  s ta b le  em ulsion than  from a more s ta b le  
em ulsion. I t  was found th a t  low ering  the  c o n c e n tra tio n  o f  p o ly ­
oxyethylene s o rb i ta n  m onosteara te  o r g ly c e ro l m onosteara te  in  th e  
em ulsion caused th e  HLB value  to  d e v ia te  from the  re q u ire d  va lue  
id iich  i s  1 0 .4 , th e reb y  causing  a decrease  in  th e  s t a b i l i t y .  
T h e re fo re , on the  b a s is  o f  th i s  supposed analogy , more a d so rp tio n  
o f PDS could be expected  from le s s  s ta b le  em ulsions than  from more 
s ta b le  em ulsions.
The o th e r em ulsions used in  th e se  experim ents con ta in ed  
d i f f e r e n t  amounts o f sodium carb o x y m eth y lce llu lo se  which i s  an 
io n ic  c e l lu lo s e  e th e r .  C e llu lo se  e th e r s  in  g en e ra l a re  used in  
em ulsions to  ach ieve b e t t e r  b in d in g  and th ic k e n in g . A d ecrease
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i n  th e  c o n c e n tra tio n  o f sodium carboxylm ethyl c e l lu lo s e  in  the  
em ulsions le d  to  a decrease  in  th e  s a tu r a t io n  c o n c e n tra tio n  o f 
PDS bound by Saooharomyces ceTevi.S'ia^^ from th e  em ulsions, in  a 
l i n e a r  manner. Although a s a t i s f a c to r y  e x p la n a tio n  fbx  th i s  
canno t be fo rw arded , i t  i s  p o s s ib le  th a t  sodium carboxym ethyl 
c e l lu lo s e  p lay s  an accesso ry  ro le  in  PDS b in d in g  by th ese  
organism s where i t  may h e lp  to  b r in g  about bonding between the  
hydrophobic PDS m olecu les and th e  h y d ro p h il ic  s u r fa c e  o f  the  
y e a s t .  >
There i s  ev idence from th e  work o f Vernon & Rose (1976) which 
in d ic a te s  th a t  i t  i s  th e  w a ll o f  Sacoharormjoes cere'O'ts'iae th a t  i s  
re sp o n s ib le  fo r  b in d in g  PDS. This in c lu d es  ev idence from s tu d ie s  
made on PDS b in d in g  by i s o la te d  w a lls  and M ease  o f PDS on fo rm ation  
o f  sp h a e ro p la s ts  from P D S -sa tu ra ted  organism s. The w a ll o f  
Sacoharomyces c e v e v is ta e  i s  a heterogeneous and h ig h ly  complex 
o rg a n e lle  composed m ainly o f  # -g lu can , a-mannan and p ro te in  and 
a l i t t l e  c h i t in  and l i p i d .  I t  was th e re fo re  co n sid ered  n ece ssa ry  
to  e s t a b l i s h  th e  n a tu re  o f th e  components o f  the  w a ll th a t  a re  
re sp o n s ib le  fo r  b in d in g  PDS. In  o rd e r to  e s ta b l i s h  which w a ll 
components o f Saooharomyces oereV'ls'iae NCYC 366 a re  re sp o n s ib le  
f o r  b in d in g  PDS, i n t a c t  organism s were t r e a te d  w ith  re a g e n ts  
capab le  o f removing s p e c i f ic  components from the  w a ll ,  and the  
e f f e c t  o f  the  tre a tm en ts  on PDS b in d in g  s tu d ie d . The re a g en ts  
used in  th i s  study  were t r y p s in ,  8 (1-3) g lu can ase , po tassium  
hydroxide (6%, w/v) and h y d ro f lu o r ic  a c id  (58 -  62%, v / v ) .
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In  th e  p re s e n t s tudy  trea tm en t o f  i n t a c t  Saocharormjoes cereV'is'tae 
NCYC 366 w ith  try p s in  o r  po tassium  hydrox ide f o r  d i f f e r e n t  p e rio d s  o f 
tim e p r io r  to  s tu d y in g  PDS b in d in g  caused a very  c o n s id e ra b le  decrease  
(40 — 60%) in  th e  s a tu r a t io n  c o n c e n tra tio n  o f  PDS bound by the 
o rgan ism s. .  The d ecrease  was g re a te r  w ith  p o tassium  hydrox ide -  
t r e a te d  organism s than  w ith  t r y p s in - t r e a te d  organ ism s. In v e s t ig a t io n s  
made on the  com position o f  i s o la te d  w a lls  b e fo re  and a f t e r  tre a tm en t 
w ith  try p s in  o r  po tass iu m  hydroxide in d ic a te d  th a t  b o th  o f  th e se  
tre a tm en ts  le d  to  th e  lo s s  o f  most o f the  m annan jp ro te in  and 
phosphorus from the  w a ll confirm ing th e  e a r l i e r  r e s u l t s  o f Eddy 
(1958) and Lyons & Hough (1970 a , b , 1 9 7 1 ),and McMurrough & Rose 
(1967) re s p e c t iv e ly .  T herefo re  th e se  r e s u l t s  in d ic a te  th a t  the 
b in d in g  s i t e s  fo r  PDS on the  w a ll o f  Saccharorryoes c eT ev is ia e  a re  
m ostly  a s s o c ia te d  w ith  th e  pho sphomannan-pr o t  e in  coup le x  which i s  
though t to  be lo c a te d  in  th e  o u te r  la y e r s  o f th e  c e l l  w a ll by 
Lyons & Hough (1970b).
T reatm ent o f i n t a c t  Saecharomyoes oereV'is'iae NCYC 366 w ith  
B (l” 3) g lucanase fo r  s h o r t  p e rio d s  o f time a f fe c te d  PDS b in d in g  
by th e  organism s d i f f e r e n t ly  from th a t  of try p s in  o r po tassium  
hydroxide tre a tm e n ts . I n ta c t  organism s t r e a te d  w ith  8(1-3) 
g lucanase bound much more PDS than  u n tre a te d  organism s. The 
a n a ly t ic a l  d a ta  on th e  com position  o f w a lls  b e fo re  and a f t e r  
tre a tm e n t w ith  8“ g lucanase showed th a t  th is  tre a tm e n t removed 
c o n sid e ra b le  amounts o f g lucan  w ith  sm a lle r  amounts o f  mannan, 
p r o te in  and phosphorus. The g lucan  components o f  the y e a s t  w a ll 
a re  m ainly re sp o n s ib le  fo r  the  shape and r i g i d i t y  o f  the  c e l l . The 
m ajor component o f Saccharorryoes oeveV 'isiae  g lucan i s  a 8 (1 -3 ) polymer
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(Manners e t  à t ,  y 1973a). B asidiom ycete 6 (1 -3 ) g lu can se , as the 
name im p lie s , c a ta ly s e s  h y d ro ly s is  o f 6 (1 -3 ) lin k a g e s  o f g lucan . 
T herefo re  d is ru p tio n  o f the  g lucan la y e r  by th is  tre a tm e n t could 
be expected  to  le a d  to  the  d is o rg a n is a t io n  o f  the  o u te r  la y e r s  o f  
the  w a ll as w e ll. T reatm ent o f i n t a c t  organism s w ith  g - 
g lucanase  could th e re fo re  le ad  to  the exposure o f new b in d in g  s i t e s  
f o r  PDS which a re  p robab ly  in  the  phosphom annan-protein in n e r  in  
the. s u rfa c e  la y e r s .
S tu d ies  on PD S -re lease  from s a tu ra te d  organism s fo llo w in g  
tre a tm e n t w ith  t r y p s in ,  6 (1 -3 ) g lucanase o r po tassium  hydroxide 
confirm ed the r e s u l t s  o f the  p rev ious ex p erim en t. While try p s in  
and po tassium  hydroxide were very  e f f e c t iv e  in  r e le a s in g  PDS from 
P D S -sa tu ra ted  organism s, 6 (1 -3 ) g lucanse was le s s  e f f e c t iv e .  
T reatm ent w ith  po tassium  hydrox ide  re le a s e d  about 85% o f  the  PDS 
w h ile  t ry p s in  was e q u a lly  e f f e c t iv e  in  r e le a s in g  PDS up to  81%. 
However, tre a tm e n t w ith  6 (1 -3 ) g lucanase was ab le  to  r e le a s e  only 
about 55% o f th e  PDS o r ig in a l ly  bound. R elease o f PDS by try p s in  
o r  po tass iu m  hydroxide ag a in  su g g es ts  th a t  the  b in d in g  s i t e s  f o r  
PDS re s id e  in  the phosphom annan-protein component o f th e  c e l l  
w a ll .  The re le a s e  o f about 55% o f the o r ig in a l  PDS co n ten t by 
6 (1 -3 ) g lucanase may be due to  removal o f  some phosphomannan- 
p ro te in  when th e  g lucan  framework was d is ru p te d  by t h i s  enzyme 
tre a tm e n t. T herefo re  the  ev idence from PDS b in d in g  by t r e a te d  
organism s and PDS re le a s e  from s a tu ra te d  organism s fo llow ing  
tre a tm e n t w ith  t r y p s in ,  po tass iu m  hydroxide o r  6(1-3) g lucanase 
su g g es ts  th a t  the s i t e s  f o r  b in d in g  PDS by Saocharormjoes oerev i-s i^e  
a re  lo c a te d  m ainly i f  n o t s o le ly  in  th e  phosphom annan-protein 
component o f th e  c e l l  w a ll .
“ 166-
The phosphom annan-protein complex c a r r ie s  th re e  types o f 
io n ogen ic  g roups, namely th e  phosphate groups in  the  mannan
and carbo2cyl groups o f the a c id ic  am ino-acid  re s id u e s  and amino 
groups o f the  b a s ic  am ino-acid  re s id u e s  i n  th e  p ro te in  p a r t  o f th e  
complex. Due to  the  p o s s ib i l i t y  th a t  th e se  groups p a r t i c ip a te  
in  b in d in g  PDS to  the  y e a s t ,  i t  was n ecessa ry  to  a sse ss  th e  r e l a t iv e  
c o n tr ib u tio n s  from them. A m o d if ic a tio n  o f methods a lre a d y  used 
to  e x c iz e  phospho d ie s  t e r  g ro tp s  in v o lv in g  tre a tm e n t w ith  
h y d ro f lu o r ic  a c id , was used  in  the  p r e s e n t  s tu d y  to  t r e a t  i n t a c t  
Sacoharomyces, oerevi^siae  NCYC 366 p r io r  to  s tu d y in g  PDS b in d in g . 
A n a ly tic a l  s tu d ie s  made on i s o la t e d  w a lls  b e fo re  and a f t e r  th i s  
tre a tm e n t showed th a t  i t  le d  to  th e  lo s s  o f  about 90% of th e  w a ll 
phosphorus to g e th e r  w ith  sm all amounts o f g lucan , mannan and p r o te in .  
Experim ents on TDS b in d in g  c a r r ie d  o u t u s in g  i n t a c t  organism s th a t  
had  been t r e a te d  w ith  h y d ro f lu o r ic  a c id  showed a d ecrease  o f  about 
50% in  the s a tu r a t io n  c o n c e n tra tio n  o f PDS bound by th e  organism s.
This in d ic a te s  th a t  th e  phosphate groups o f the phosphomannan 
a re  re sp o n s ib le  fo r  a s ig n i f i c a n t  p e rcen tag e  o f  b in d in g  s i t e s  fo r  
PDS, and th a t  o th e r  ionogen ic  o r non -ionogen ic  s i t e s  on the w a ll 
must a lso  be invo lved .
In v e s t ig a t io n s  on th e  n a tu re  o f  th e  su rfa c e  o f Saooharomyces 
oerevn.S'iae 366 b e fo re  and a f t e r  tre a tm e n t w ith  t r y p s in ,
po tassium  hydrox ide , 6 (1 -3 ) g lucanase  o r h y d ro f lu o r ic  a c id  re v e a le d  
c o n s id e ra b lé  changes fo llo w in g  th ese  tre a tm e n ts . The p ro p e r t ie s  o f  
the  w a ll in v e s t ig a te d  were the  su rfa c e  charge and b in d in g  o f 
f lu o r e s c e in - la b e l le d  an tibody  and f lu o r e s c e in - la b e l le d  concanavalin  
A. E le c tro p h o re tic  m o b ility  p a t te rn s  which gave a measure o f s u rfa c e  
charge o f Saooharomyces oerev'ts-iae  re v e a l q u a n t i ta t iv e  in fo rm atio n
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abou t the ionogenic  groups o f the s u r fa c e . The e le c tro p h o r e t ic  
m o b ility  o f  t r y p s in - t r e a te d  organism s showed a decrease  o f  about 
20% in  the  m o b ility  due to  phosphate groups whereas th e  decrease  
i n  th e  m o b ility  due to  p ro te in  was much g r e a te r .  Potassium  hydroxide 
tre a tm e n t lowered the  m o b ility  due to  phosphate groups Lo a 
g re a te r  e x te n t  than t ry p s in .  However, th is  tre a tm en t appears to  
have l e f t  a su rfa ce  la y e r  r ic h  in  p ro te in  g iv in g  a h igh  m o b ility  as 
ex p re ssed  by th e  p ^ p ^ ^ a lu e .  H y d ro flu o ric  a c id  tre a tm e n t 
low ered the  m o b ility  due to  phosphate groups to  a very  low v a lu e  
w hereas the decrease  in  the  m o b ility  due to  p ro te in  was com paratively  
sm a ll. From th e se  r e s u l t s  i t  i s  ap p aren t th a t  the  decrease  in  PDS 
b in d in g  observed due to  th e se  tre a tm e n ts  could  be a sc r ib e d  to  lo s s  
o f  io nogen ic  g ro ip s  from the  s u r fa c e . S tu d ies  on try p s in  d ig e s t io n  
showed th a t  th e  lo s s  o f  l a r g e  amounts o f  ionogen ic  groups from the 
p ro te in  to g e th e r  w ith  sm a lle r  amount o f phosphate groups from 
the su rfa c e  caused a d ecrease  o f about 50% in  the PDS b in d in g  a b i l i t y  
o f the  w a ll .  However po tassium  hydroxide tre a tm e n t, which lowered 
th e  m o b ility  due to  phosphate  groups o f  th e  su rfa c e  to  a g re a te r  
e x te n t than try p s in  tre a tm e n t b u t f a i l e d  to  remove th e  su rfa ce  
p ro te in ,  b rought about a g re a te r  decrease  in  the PDS b in d in g  a b i l i t y  
o f  th e  w a ll .  T herefore  th e se  r e s u l t s  in d ic a te  th a t  in  a d d itio n  to
phosphate  groups, ionogen ic  groups o f  th e  p ro te in  a re  in vo lved
in  PDS b in d in g . However phosphate groups would appear to  make 
the main c o n tr ib u tio n . This conclusion  i s  supported  by th e  f a c t  
th a t  the amounts o f PDS bound by organism s t r e a te d  w ith  try p s in  fo r  
d i f f e r e n t  p e rio d s  o f time were d i r e c t ly  p ro p o r tio n a l to  the
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re s id u a l  phosphorus and mannan co n ten ts  o f  the c e l l  w a ll .  The 
r e s u l t s  o b ta in ed  fo r  h y d ro f lu o r ic  a c id - t r e a te d  organism s a lso  a re  
c o n s is te n t  w ith  such an e x p la n a tio n . The organism s t r e a te d  w ith
6 (1 -3 ), g lucanase showed an in c re a se  in  the  m o b il i t ie s  due to  bo th  . 
phosphate groups and p ro te in  in d ic a t in g  an in c re a se d  exposure
of ionogenic  groups. The g re a te r  PDS. b in d in g  shown by organism s 
t r e a te d  w ith  6 (1 -3 ) g lucanase  too i s  th e re fo re  i n  agreem ent w ith  
tb e  g iven  e ^ l a n a t i o n .
A ll  known immunogenic groups o f Sacoharomyces oerevi^siae  a re  
c a r r ie d  by the phosphomannan o f th e  c e l l  w a ll .  T herefo re  the  
decreased  b in d in g  o f f lu o r e s c e in - la b e l le d  an tibody  shown by 
t ry p s in  -  and p o tassium  h y d ro x id e - tre a te d  organism s confirm ed the  
lo s s  o f phosphomannan from the w a ll . The decrease  in  the ' 
f lu o r e s c e in - la b e l le d  an tibody  b in d in g  by h y d ro f lu o r ic  a c id -  
t r e a te d  organism s may be  due to  th e  lo s s  o f  a-D-mannopyranosyl 
phosphate u n its  which a re  in ç o r ta n t  im m unogenically in  Saooharomyces 
oereV'is'tae (Raschke & B a llo u , 1971), a lthough  th e  bu lk  of 
d - lih k a g e s  in  th e  mannan m olecule appears to  rem ain i n t a c t .
S tu d ies  on b in d in g  o f  f lu o r e s c e in - la b e l le d  concanavalin  A 
which s p e c i f ic a l ly  b inds to  a-mannan o f th e  w a ll o t  Saooharomyces 
cere'Oi^S'iae (Tkacz e t  a Z . , 1971) gave f u r th e r  ev idence fo r  lo s s  o f 
mannan from the  w a ll fo llo w in g  try p s in  and p o tassium  hydrox ide 
tre a tm e n ts . H y d ro flu o ric  a c id  - t r e a t e d  organism s bound f lu o r e s c e in -  
l a b e l le d  concanavalin  A a t  the  same in te n s i ty  as compared w ith  
u n tre a te d  organism s. This shows th a t  the b u lk  o f  a - lin k a g e s  in  th e
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mannan chain  are  n o t a f fe c te d  by th i s  tre a tm e n t. Organisms t r e a te d  
w ith  3 (1 -3 )g lucanase bound bo th  f lu o r e s c e in - la b e l le d  an tibody  and 
f lu o r e s c e in - la b e l le d  concanavalin  A w ith  an i n t e n s i t y  c lo se  to  
u n tre a te d  organism s.
The evidence p re sen te d  so f a r  th e re fo re  in d ic a te s  th a t  ionogen ic  
groups c a r r ie d  by phosphom annan-protein a re  re sp o n s ib le  fo r  b in d in g  
PDS to  th e  w a ll o f Saooharomyoes o e rev is icw  NCYC 366. A lth o u ^  bo th  
phosphate  groups and io n o g en ic  groiq)s o f  th e  p r o te in  a re  
im p lic a te d , phosphate groups appear to  c o n tr ib u te  more b in d in g  
s i t e s  than ionogen ic  groups o f the p ro te in .  This su g g es tio n  i s  
a lso  su p p o rted  by the  decreased  PDS b in d in g  shown by concanavalin  A- 
t r e a te d  organism s. This decrease  may be due to  the  concanavalin  
A, which re a c ts  w ith  a-mannan o f  the  c e l l  w a ll ,  re n d e rin g  the 
phosphate  groups in a c c e s s ib le  to  PDS. Furtherm ore , organism s 
grown, in  MYGP medium (Wickerham, 1951) which had more phosphorus 
in  the  w a ll ,  bound more PDS than  organism s grown in  de fin ed  medium, 
in  agreem ent w ith  the above m entioned e x p la n a tio n .
Experim ents c a r r ie d  o u t on th e  e f f e c t  o f su rfa c e  charge on th e  
PDS b in d in g  by Saooharomyces oereV'is'tae NCYC 366 in d ic a te d  th a t  the 
o v e ra l l  su rfa c e  charge has no s ig n i f ic a n t  e f f e c t .  This may be due 
to  charged groups o f th e  phosphate type which a re  b e lie v e d  to  
have a pK v a lu e  low er than  2 b e in g  capable o f c o n tr ib u tin g  
b in d in g  s i t e s  f o r  PDS even a t  very  low pH v a lu e s .a t  which the 
o v e ra l l  su rfa ce  charge i s  very  low. On the o th e r  hand, th is  may 
in d ic a te  th a t  a lthough  the  ionogen ic  groups o f th e  c e l l  w a ll a re  
in vo lved  the b in d in g  i t s e l f  i s  n o t o f the io n ic  type . T herefore
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th e  degree o f d is s o c ia t io n  o f  th ese  groups has no e f f e c t  on the 
b in d in g  o f  PDS.
Experim ents c a r r ie d  o u t on the  e f f e c t  o f PDS b in d in g  on th e
c e l l - w a l l  p ro p e r t ie s  of.Saooharormjces ceTevis%ae NCYC 366 ag a in  s
su g g ested  the  involvem ent o f  groups c a r r ie d  by th e  phosphomannan-
p ro te in  o f the w a ll. . The e le c tro p h o r e t ic  m o b ility  due to  phospho-
d i e s t e r  groups (y : )o f  P D S -satu ra ted  organism s showed a  decrease  4*0
o f  about 11% as co rpared  to  th a t  o f  u n tre a te d  organ ism s. The 
r e l a t i v e l y  sm all m o b ility  due to  p ro te in  ( y ^ ^  y ^ Q o f u n tre a te d  
organism s could  n o t be d e te c te d  in  P D S -trea ted  organism s.
Furtherm ore PD S -sa tu ra ted  organism s showed le s s  b in d in g  o f both  
f lu o re s c e in —la b e l le d  an tibody  and f lu o r e s c e in - la b e l le d  concanavalin  
A. These d a ta  again  in d ic a te  th a t  the ionogenic  groups o f  ̂
phosphom annan-protein a re  th e  m ajor c o n tr ib u to ry  groups in  b in d in g  
PDS to  th e  w a ll o f Saocharormjoes oerev^svae  NCYC 366.
The d ro p le t  s iz e  in  the  an tifoam  em ulsion a lso  a f fe c te d  the 
amount o f PDS bound by the y e a s t  . ' When ’Antifoam  M-10 em ulsions wi^h 
la rg e  d ro p le t s iz e  were u sed , s l i g h t l y  more PDS was bound by the  
y e a s t .  This f a c t  again  may be r e la te d  to  the s t a b i l i t y  o f the 
em ulsion. I t  i s  a lso  n o t known w hether o r n o t PDS i s  d i r e c t ly  
bound to  th e  y e a s t .  I t  i s  p o s s ib le  th a t  in g re d ie n ts  such as 
e m u ls if ie r s  and th e  th ic k e n e r  in  A ntifoam  M-10 p lay  a d i r e c t  ro le  
in  b in d in g  PDS to the  y e a s t .  Such a su g g es tio n  seems p la u s ib le  
s in c e  e m u ls if ie rs  and th ic k e n e rs  which a re  both  o i l  and w ater 
com patib le  would be  id e a l  in  e s ta b l is h in g  bonding between the  
hydrophobic PDS and the  h y d ro p h il ic  c e l l  w a ll .  However a sim ple
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mechanism f o r  bonding between io n ic  groups o f  th e  e m u ls if ie r s  o r the  
th ic k e n e r  and io n ic  groups in  th e  c e l l  w a ll i s  n o t  e a s i ly  p u t 
fo rw ard . The n o tio n  th a t  e m u ls if ie r s  a re  invo lved  in  b in d in g  PDS 
to  the  c e l l  w a ll appears to  c o n tra d ic t  the  e a r l i e r  su g g es tio n  o f 
a co m p etitio n  between-PDS and e m u ls if ie r s  fo r  the  same b in d in g  
s i t e s  on the  w a ll .  However i t  may be assumed th a t ,  a f t e r  
é m u ls if ic a t io n  th e re  i s  s t i l l  an a p p re c ia b le  amount o f  f r e e  
e m u ls i f ie r  in  the  p re p a ra t io n . I t  i s  p o s s ib le  th a t  e m u ls if ie r  
m olecules adsorbed on PDS d ro p le ts  f a c i l i t a t e  bonding betw een 
PDS and the  w a ll ,  w h ile  f r e e  e m u ls if ie r  m olecules compete fo r  th e  
same b in d in g  s i t e s  on th e  w a ll .
W alls o f  s t r a in s  o f Saooharomyoes oereV 'isiae  a re  capable  o f 
b in d in g , in  a d d itio n  to  PDS, a h o s t  o f o th e r  compounds such as 
hop c o n s t i tu e n ts  and p ro te in s  a s  w e ll as b iv a le n t  c a tio n s  such as 
calc ium . Whereas th e  g lucan  component o f  th e  w a ll i s  m ainly 
re sp o n s ib le  fo r  the  shape and r i g i d i t y  o f  th e  c e l l ,  phosphomannan- 
p ro te in  appears to  be re sp o n s ib le  fo r  th e 'v a r io u s  b in d in g  p ro p e r t ie s  
o f  th e  c e l l  w a ll .  Furtherm ore components re s p o n s ib le  fo r  
i n t e r c e l l u l a r  b in d in g  o f Saooharomyoes oerevisi-aey  i l l u s t r a t e d  by 
sex u a l a g g lu tin a tio n  and f lo c c u la t io n ,  a lso  a re  a s s o c ia te d  w ith  
the  phosphom annan-protein o f th e  c e l l  w a ll .
The in v e r ta s e  a c t i v i t y  o f Saooharomyoes o erev ïs 'ia e  i s  a s s o c ia te d  
w ith  a g ly c o p ro te in  in  the  w a ll. A h ig h ly  p u r i f ie d  in v e r ta s e  
p rep a red  by Neumannn & Dampen (1967) co n ta in ed  about 50% mannan and 
3% glucosam ine. The p ro te in  p a r t  o f  th e  m olecule con ta in ed  h igh  
p ro p o rtio n s  o f a s p a r t ic  a c id ,  s e r in e  and th re o n in e . In v e s t ig a t io n s
-1 7 2 -
made on the in v e r ta s e  a c t i v i t y  o f P D S -sa tu ra ted  Sacoharomyces 
eerevirS'vae NCYC 366 showed th a t  b in d in g  o f PDS had no obvious 
e f f e c t  on the  in v e r ta s e  a c t i v i t y  o f the  o rgan ism s. This might 
be co n sid ered  as a very  in p o r ta n t  advantage in  th e  use o f 
PDS-antifoams in  brew ery fe rm e n ta tio n s .
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PART I I
ROLE OF PHOSPHODIESTER-LINKED MANNAN IN FLOCCULATION OF SACOHAROMYCES
CEREVISIAE
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Involvem ent o f phosphate groups o f the c e l l - w a l l  phosphomannan
and carboxyl groups o f  th e  a c id ic  am ino-acid  re s id u e s  o f th e  c e l l -
w a ll p ro te in  in  f lo c c u la t io n  o f  Sacoharomyoes c e r e v is ia e  has been
claim ed by many w orkers. H a rr is  (1959), M ill (1964b) and
S tew art e t  a t .  (1975) b e l ie v e  th a t  carboxyl groups a re  re sp o n s ib le
2+fo r  the  fo rm ation  o f c ro ss  b rid g es  through Ca ions which a re
in v o lv ed  in  f lo c c u la t io n .  However Lyons & H ou^  (1970 a , b ,
1971) b e l ie v e  th a t  i t  i s  th e  phosphate groups and n o t th e  carboxyl
groups th a t  a re  invo lved  in  th e  fo rm ation  o f c ro ss  b r id g e s  through 
2+
Ca io n s . The o b je c t o f  the  work on f lo c c u la t io n  o f Saooharomyces 
c e r e v is ïa e  re p o rte d  in  th is  th e s is  was to  o b ta in  in fo rm a tio n  which 
m i ^ t  a llow  an assessm en t to  be made o f  th e  r e l a t i v e  c o n tr ib u tio n s  
o f  a c id ic  am ino-acid re s id u e s  and p h o sp h o d ies te r lin k ag es  in  / 
f lo c c u la t io n .  To o b ta in  th i s  in fo rm atio n  a techn ique  was used 
w hich s p e c i f ic a l ly  e x c ise s  th e  p h o sp h o d ies te r l in k a g e s  from the  
c e l l - w a l l  mannan.
The a n a ly t ic a l  d a ta  on i s o la te d  w a lls  o f Saooharomyoes 
cerevi-S'tae b e fo re  and a f t e r  tre a tm en t w ith  h y d ro f lu o r ic  a c id  
in d ic a te d  th a t  th is  tre a tm e n t led  to  the  e x c is io n  o f most o f 
the  p h o sp h o d ies te r l in k a g e s . While th i s  tre a tm e n t e x tra c te d  
abou t 80 -  90% o f th e  c e l l - w a l l  p h o sp h o ru s ,. the  lo s se s  in  the  
o th e r  components o f th e  c e l l  w a ll were very  low and p robab ly  w ith in  
the  l im i t s  o f e r ro r  o f the  a n a ly t ic a l  m ethods. T reatm ent o f  
phosphomannan e x tra c te d  from y e a s t  c e l l  w a lls  w ith  h y d ro f lu o r ic  
a c id  (40%, v /v )  was re p o r te d  to  remove only  about 70% o f the
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phosphorus by Cawley e t  a i ,  (1972). The use o f  more co n cen tra ted  
h y d ro f lu o r ic  a c id  (58 -  62%, v /v ) appears to  be more e f f i c i e n t  
in  removing phosphorus from phosphomannan in  th e  i n t a c t  w a ll .
However the  tre a tm e n t o f i s o la te d  w a lls  w ith  h y d ro f lu o r ic  a c id  
(58 -  62%, v /v ) f a i l e d  to  remove phosphorus com pletely  from 
th e  w a lls .  This may be due to  the  f a c t  th a t  the h y d ro f lu o r ic  
a c id  was unable to  p e n e tra te  deep enough to  e x t r a c t  phosphorus 
from  c e r ta in  in n e r  la y e r s .  S ta in in g  w ith  f lu o r e s c e in - la b e l le d  
con can av alin  A, which b in d s  s p e c i f ic a l ly  to  th e  a-mannan o f th e  
c e l l  w a ll (Tkacz e t  a t . , 1971) was n o t a f fe c te d  by the p re tre a tm e n t 
o f Saocharormjoes o e re v ls ia e  w ith  h y d ro f lu o r ic  a c id . This shows 
th a t  th e  bu lk  o f th e  a - lin k a g e s  in  th e  mannan was n o t a f fe c te d  by 
th i s  tre a tm e n t. However h y d ro f lu o r ic  a c id - t r e a te d  organism s showed 
d ecreased  b in d in g  o f  f lu o r e s c e in - la b e l le d  an tibody  r a is e d  a g a in s t  
NCYC 366. T his may b e  due to  th e  lo s s  o f a-D-m annopyranosyl 
phosphate u n its  which a re  im p o rtan t im m unogenically in  Saooharomyoes 
o e re v is ia e  (Raschke & B allo u , 1971).
S tu d ie s  made on sed im en ta tio n  r a te s  o f  u n tre a te d  c e l l s  o f 
s t r a in s  o f Saooharomyoes o e re v is ia e  showed th a t  th e re  i s  no c o r r e la t io n  
between th e  c e l l -w a l l  phosphorus co n ten ts  and th e i r  sed im en ta tio n  
r a t e s .  Lyons & Hough (1970b) who s tu d ie d  the  phosphorus co n ten ts  
0 ^  d i f f e r e n t  f r a c t io n s  o b ta in ed  from w a lls  o f  v a r io u s  s t r a in s  o f 
Saooharomyoes oerevvs'iae  observed th a t  f r a c t io n s  from the  o u te r  
la y e rs  o f the  w a lls  o f f lo c c u le n t  s t r a in s  had more phosphorus than  
th o se  o f  th e  w a lls  o f n o n -f lo c c u le n t s t r a in s .  However in  the 
p re s e n t study  e le c tro p h o r e t ic  m o b ility  measurements a t  pH 4 .0 ,
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which g ives a measure o f th e  phosphate groups in  the o u te r
la y e rs  o f  the  w a ll up to  a depth  o f  4 .2  nm (Eddy & Rudin, 1958b;
E ish e r, 1975), d id  n o t in d ic a te  such h igh  c o n te n ts  o f phosphorus
in  the  o u te r  la y e rs  o f  th e  c e l l  w a ll o f f lo c c u le n t  s t r a in s  as
compared w ith  n o n -f lo c c u le n t s t r a i n s .  The e le c tro p h o r e t ic  
m o b ility  p a t te rn s  of. u n tre a te d  organism s d id  n o t show any tren d  
which cou ld  be r e la te d  to  t h e i r  f lo c c u la t io n  b eh av io u r. The 
m o b ili ty  due to  phosphate  (y^:^)and th e  m o b ility  due to  p ro te in  
(y^ Q- v a r ie d  from s t r a i n  to  s t r a i n  b u t  ag a in  no s ig n i f ic a n t
tre n d  was no ted  which could  be r e la te d  to  t h e i r  sed im en ta tio n
r a t e s .
The in c re a se d  sed im en ta tio n  r a te s  shown by h y d ro f lu o r ic  
a c id - t r e a te d  organism s w ere r a th e r  s u rp r is in g  as the removal o f 
phosphate  groups from the  c e l l -w a l l  phosphomannan was expected  
a t  l e a s t  n o t to  in c re a s e  th e  sed im en ta tio n  r a t e s .  The 
h y d ro f lu o r ic  a c id - t r e a te d  organism s showed a  very  la rg e  decrease  
in  the  m o b ility  due to  phosphate groups (y^.^)whereas the decrease
in  th e  m o b ility  due to  p ro te in  (y^ — y^^^^was much sm a lle r .
There was no in d ic a t io n  o f an exposure o f new ionogen ic  groups 
fo llo w in g  h y d ro f lu o r ic  a c id - tre a tm e n t. In  some s t r a i n s ,  any 
m o b ility  due to  phosphate (y ^ ^ ^ a f te r  h y d ro f lu o r ic  a c id  
tre a tm e n t was com pletely  a b se n t. As a consequence, th e  r a t io  
m o b ility  p ro te in :  m o b ility  phosphate in c re a se d  to  a very  h igh  
v a lu e  as compared w ith  u n tre a te d  c e l l s .  These f in d in g s  a re  
c o n s is te n t  w iü i some e a r l i e r  r e p o r ts  on f lo c c u la t io n  by 
M asschelein e t  a t .  (1963), Jeunehomme -  Ramos e t  a t .  (1964) and
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K ijim a (1964). M asschelein  e t  a l .  (1963) s ta t e d  th a t  i t  i s  
.e s s e n t ia l ly  the  r a t i o  o f  mannan to  p ro te in  in  the w a ll th a t  
de term ines the  f lo c c u la t io n  behav iou r o f  y e a s ts ,  and th a t  f lo c c u le n t  
s t r a in s  po ssessed  an i n t r a c e l l u l a r  mechanism w hich allow ed ra p id  
u t i l i z a t i o n  o f  mannan in  th e  s ta t io n a r y  phase o f grow th. KijLma
(1964) who o b ta in ed  two m a te r ia ls ,  f lo c c u le n t  and n o n -f lo c c u le n t, 
by tre a tm e n t o f y e a s t  w ith  d i lu te  a l k a l i ,  found th a t  th e  f lo c c u le n t  
m a te r ia l had a h igh  p ro te in ;  p o ly sacch a rid e  r a t i o  compared w ith  
th e  n o n -f lo c c u le n t m a te r ia l .  These fin d in g s  im ply th a t  i t  i s  
the  r a t i o  p ro te in :  p o ly sacch a rid e  (mannan) in  the  c e l l  w a ll which 
determ ines the  f lo c c u le n t  o r n o n -f lo c c u le n t behav iou r o f y e a s ts .
I t  may w e ll be th a t  th e  groups a c tu a l ly  in vo lved  a re  th e  carboxyl 
groups o f th e  w a ll p ro te in  and th e  phosphate groups o f th e  mannan.
A nother in te r e s t in g  p ro p e rty  o f  th e  h y d ro f lu o r ic  a c id - t r e a te d  
organism s was the v e ry  low o v e ra l l  charge c a r r ie d  by them. This 
f in d in g  i s  in  agreem ent w ith  the  o b se rv a tio n s  made e a r l i e r  by  
Jansen  & Mendlik (1951). By e le c tro p h o r e t ic  m o b ility  
measurments o f f lo c c u le n t  and n o n -f lo c c u le n t s t r a i n s  o f 
Saooharomyoes ceveiyCs-iae, Jansen  & Mendlik (1951) re p o rte d  th a t ,  
a l t h o u ^  a l l  s t r a in s  c a r r ie d  a n e g a tiv e  charge a t  pH v a lues o f 
b e e r  and w ort (pH 3 .8  — 5 .6 ) ,  th e  f lo c c u le n t  s t r a in s  c a r ry  a lower 
charge than  n o n -f lo c c u le n t s t r a i n s .  A lth o u ^  i t  i s  now known 
th a t  th i s  i s  n o t tru e  fo r  a l l  s t r a in s  th is  may be a c o n tr ib u tin g  
f a c to r  which determ ines th e  f lo c c u le n t  c h a ra c te r  in  some s t r a in s  
such  as NCYC 1005 which c a r r ie s  a very  low su rfa c e  charge. The 
very  low su rfa ce  charge c a r r ie d  by h y d ro f lu o r ic  a c id - t r e a te d
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organism s a lso  may be a c o n tr ib u tin g  f a c to r  to  the  in c re a se d  
sed im en ta tio n  r a te s  shown by them.
There was a p o s s i b i l i t y  th a t  th e se  in c re a se d  sed im en ta tio n  
r a t e s  observed  fo llo w in g  h y d ro f lu o r ic  a c id  tre a tm e n t o f  organism s 
cou ld  be due to  r e te n t io n  o f  F ions o r due to  the  a c tio n  o f 
h y d ro f lu o r ic  a c id  on p h o sp h o lip id s  (Shaw & S tead , 1974). However 
tre a tm e n t o f n o n -f lo c c u le n t s t r a in s  w ith  po tassium  f lu o r id e  
(11%, w /v ) , which gave th e  sane F io n  c o n c e n tra tio n  in  th e  
su sp en sio n  as w ith  h y d ro f lu o r ic  a c id  tre a tm e n t, f a i l e d  to  cause 
f lo c c u la t io n  o f th ese  s t r a i n s .  Also the  e x tra c t io n  o f l i p i d  
from i n t a c t  organism s f a i l e d  to  cause any in c re a se  in  the  
sed im en ta tio n  r a te s  o f  f lo c c u le n t  o r n o n -f lo c c u le n t s t r a i n s .  
T herefo re  the r e te n t io n  o f F ions in  the  envelope la y e rs  o r   ̂
th e  lo s s  o f p h o sp h o lip id s  fo llow ing  h y d ro f lu o r ic  a c id  tre a tm e n t, 
do n o t  appear to  be re sp o n s ib le  fo r  th e  in c re a s e d  sed im en ta tio n  
r a te s  observed fo llo w in g  t h i s  tre a tm e n t. The d ecrease  in  the 
sed im en ta tio n  r a te s  o f f lo c c u le n t  s t r a in s  fo llo w in g  l i p i d  
e x tr a c t io n  may be due to  lo s s  o f o th e r  hydrophobic c e l l -w a l l  
components (p o ss ib ly  p ro te in s )  due to  th is  tre a tm e n t.
Both u n tre a te d  f lo c c u le n t  s t r a in s  and h y d ro f lu o r ic  a c id -  
t r e a te d  organism s re a c te d  s im ila r ly  to  most o f the  secondary 
tre a tm e n ts  to  which they  were su b m itted , in d ic a t in g  th a t  a 
s im ila r  mechanism of f lo c c u la t io n  o p e ra te s  in  bo th  in s ta n c e s .
Both u n tre a te d  f lo c c u le n t  s t r a in s  and h y d ro f lu o r ic  a c id -  
t r e a te d  organism s were ren d ered  n o n -f lo c c u le n t by washing in  
e i th e r  d e io n ized  w ater o r 10 mM EDTA. A d d ition  o f sm all
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2+c o n c e n tra tio n s  o f Ca ions (about 0.1%, w/v CaCl^) to  the
su sp en sio n  caused washed c e l l s  to  r e f lo c c u la te .  H iese f in d in g s  
2 +show th a t  Ca io n s  a re  an e s s e n t ia l  requ irem en t fo r  th e  ex p ress io n
o f  f lo c c u len c e  e i t h e r  in h e re n t o r  induced  by h y d ro f lu o r ic  a c id
tre a tm e n t. The need to  wash h y d ro f lu o r ic  a c id - t r e a te d  organism s
w ith  10 mM EDTA in s te a d  o f d e io n ized  w ater to  d e f lo c c u la te  them
2+may in d ic a te  th a t  Ca ions a re  more t ig h t ly  bound by th ese
t r e a te d  organ ism s, as observed w ith  some h ig h ly  f lo c c u le n t
s t r a in s  o f Saocharomyoes c e r e v is ia e  by S tew art e t  a t .  (1975).
The h y p o th esis  which ex p la in s  f lo c c u la t io n  in  terms o f
2+c ro s s -b r id g e  fo rm atio n  th r o u ^  Ca io n s  l in k in g  carboxyl groups 
on a d ja c e n t y e a s t  c e l l s  was p u t forw ard by H a rr is  (1959) and
>
was l a t e r  confirm ed by M ill (1964b ) and S tew art e t  a t .  (1975)
These c a r b o ^ l  groups a re  c a r r ie d  in  the  a c id ic  am ino-acid  
re s id u e s  o f th e  c e l l - w a l l  p ro te in .  Many w orkers have used
1,2  epoxypropane to  e s t e r i f y  carboxyl groups found in  th e  su rfa ce  
la y e rs  o f m icro-organism s (G itte n  & James, 1963; M ill ,  1964b;
Lyons & Hough, 1970b). In  th e  p re s e n t  s tu d y  e s t é r i f i c a t i o n  o f  
carboxy l groups o f u n tre a te d  f lo c c u le n t  s t r a in s  and h y d ro f lu o r ic  
a c id - t r e a te d  organism s w ith  1,2  epoxypropane led  to  a very  con­
s id e r a b le  decrease  in  the  sed im en ta tio n  r a t e s .  This tre a tm e n t 
h as been  re p o r te d  to  d e f lo c c u la te  p o te n t ia l ly  f lo c c u le n t  s t r a in s  
o f  Sacoharomyces o e re v ls ta e  by M ill (1964b). A decrease  of 
about 20% in  the calcium  b in d in g  c a p a c ity  o f w a lls  o f 
Sacoharomyces o e r e r ls ta e  fo llo w in g  th e  same tre a tm e n t was 
observed  by Lyons & Hough (1970b). These e f f e c t s  in d ic a te  the
"•180-
involvem ent o f carboxyl groups in  f lo c c u la t io n  and calcium  b in d in g .
On th e  same b a s is  the observed  e f f e c t s  fo llo w in g  e s t é r i f i c a t i o n  o f
carboxyl groups on sed im en ta tio n  r a te s  o f  bo th  u n tre a te d  f lo c c u le n t
s t r a in s  and h y d ro f lu o r ic  a c id - t r e a te d  organism s in d ic a te  the
involvem ent o f th e se  groups in  f lo c c u la t io n .  However i t  i s
b e lie v e d  a t  l e a s t  by some w orkers (G itten s  & Jam es, 1963) th a t
tre a tm e n t o f  m icro-organism s w ith  1,2  epoxypropane does n o t
cause con5>lete e s t é r i f i c a t i o n  o f  th e  carboxyl groups in  th e
su rfa c e  la y e rs  o f  th e  w a ll .  T h e re fo re , a lthough  the  involvem ent
o f carboxyl groups in  f lo c c u la t io n  i s  in d ic a te d  by my r e s u l t s ,
the  degree o f involvem ent could  n o t be a c c u ra te ly  a sse sse d .
The p a r t i c ip a t io n  o f carboxy l groups in  f lo c c u la t io n  may be much
g re a te r  than in d ic a te d  by the  observed decrease  in  the sed im en ta tio n
r a te s  fo llo w in g  1 ,2  epoxypropane tre a tm e n t. These f in d in g s
in d ic a te  t h a t ,  in  b o th  u n tre a te d  f lo c c u le n t  s t r a in s  and h y d ro f lu o r ic
2+
a c id - t r e a te d  o rgan ism s, a common mechanism in v o lv in g  Ca ions 
and most p robably  carboxy l groups o p era tes^
fe rm en tab le  su g ars  have been re p o r te d  to  d e f lo c c u la te  
f lo c c u le n t  s t r a in s  o f b rew er’ s y e a s t  when in c lu d ed  in  th e  suspending 
medium (Eddy 1955a). The most e f f e c t iv e  were mannose and m alto se . 
Mannose a t  a c o n c e n tra tio n  o f  approxim ately  100 -200 mM was 
s u f f i c i e n t  to  d e f lo c c u la te  most s t r a in s  o f f lo c c u le n t  y e a s ts .  I n  
the  p re s e n t study mannose a t  a c o n c e n tra tio n  o f about 220 mM was 
s u f f i c i e n t  to  d e f lo c c u la te  u n tre a te d  Saooharomyoes ceveV'is'iae NCYC 
1063 which i s  a f lo c c u le n t  s t r a i n .  However, when th e  e f f e c t  o f  
mannose on the sed im en ta tio n  r a te  o f h y d ro f lu o r ic  a c id - t r e a te d
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organism s was te s te d  no a p p re c ia b le  e f f e c t  was no ted  even a t  
c o n c e n tra tio n s  as h ig h  as 330 mM. A lthough th e  mechanism of 
d e f lo c c u la t io n  o f f lo c c u le n t  y e a s ts  by ferm en tab le  sugars  i s  
n o t ad eq u a te ly  e x p la in ed , i t  i s  b e lie v e d  th a t  the  sugars a c t  
s e l e c t iv e ly  a t  d i f f e r e n t  s i t e s  on the c e l l  su rfa c e  (Eddy, 1955a). 
The in a b i l i t y  o f mannose to  d e f lo c c u la te  h y d ro f lu o r ic  a c id -  
t r e a te d  organism s may be due to  th e  lo s s  o f  r e a c t iv e  s i t e s  from 
th e  w a ll  fo llo w in g  h y d ro f lu o r ic  a c id  trea tm en t*  These r e a c t iv e  
s i t e s  may w e ll be a s s o c ia te d  w ith  the  p h o sp h o d ie s te r  lin k ag es  
o f mannan and the mannose o r mannobiose re s id u e s  which l i e  d i s t a l  
to  th e  p h o sp h o d ies te r lin k ag es  and a re  l o s t  d u rin g  h y d ro f lu o r ic  
a c id  tre a tm e n t. .
E ^ e r im e n ts  on calcium  b in d in g  by u n tre a te d  w a lls  o f  ̂
Sacohcuporryces oevevi.S'iae showed th a t  th e  amount o f  calc ium  bound 
v a r ie s  from s t r a i n  to  s t r a i n .  However a tre n d  could  n o t be found 
in  th e  amount o f  calc ium  bound by th e  w a lls  o f th ese  fo u r  s t r a in s  
to  the  f lo c c u le n t  o r n o n -f lo c c u le n t b eh av io u r shown by them.
Lyons A Hough (1970b) have re p o r te d  th a t  e s t é r i f i c a t i o n  o f 
su rfa c e  carbo3^1 groups w ith  1,2  epoxypropane caused a decrease  
o f only  20% in  the  calc ium  b in d in g  c ap a c ity  o f  the w a lls .  On the 
b a s is  o f  th i s  f in d in g , they  concluded th a t  th e  p a r t  p layed  by 
carboxy l groups in  calc ium  b in d in g  I s  minor co rpared  to  th a t  o f 
phosphate groups. However, tre a tm en t o f m icro-o.rganism s w ith
1,2  epoxypropane has been re p o rte d  to  cause incom plete 
e s t é r i f i c a t i o n  o f su rfa c e  carboxyl groups (G itte n  & Jam es, 1963). 
T herefo re  an assessm en t o f the  degree o f involvem ent of carboxyl
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groups in  calcium  b in d in g  cannot be o b ta in ed  by th i s  method.
The h ig h e r  va lu es  o b ta in ed  fo r  calc ium  b in d in g  by h y d ro f lu o r ic  
a c id - t r e a te d  w a lls  o f s t r a in s  o f Saooharomyoes o e v e v ts ia e  would 
appear to  be p a r t ly  due to  r e te n t io n  o f F io n s  fo llo w in g  the 
h y d ro f lu o r ic  a c id  tre a tm e n t. From ca lc iu m -b in d in g  s tu d ie s  
on po tassium  f lu o r id e - t r e a te d  w a lls ,  the  c a lc u la te d  amount o f 
calc ium  bound by th e  w a lls  due to  r e te n t io n  o f F ions i s  
approx im ate ly  300 pg p e r  100 mg dry w eigh t o f w a lls .  Iflien th is  
v a lu e  i s  s u b tra c te d  from the  amount o f calcium  bound by  
h y d ro f lu o r ic  ac id —tr e a te d  w a lls  the  c o n tr ib u tio n  to  th e  calcium  
b in d in g  from w a ll components i s  approx im ately  175 — 250 yg p e r 
100 mg dry  w eigh t o f w a l ls .  From th e se  v a lu es  i t  appears th a t ,  
a f t e r  removal o f most o f the  phosphorus, the  c e l l  w a ll i s  s t i l l  
capab le  o f  b in d in g  a p p re c ia b le  amounts o f  calc ium . T h ere fo re  
b o th  phosphate and c a rb o iy l groups appear to  p la y  an e q u a lly  
im p o rtan t p a r t  in  calc ium  b in d in g .
From d a ta  p re v io u s ly  re p o r te d  and those  given in  th is  th e s is  
on ca lc ium  c ro s s -b r id g in g  h y p o th esis  o f f lo c c u la t io n ,  i t  i s  p o s t­
u la te d  th a t  w h ile  carbonyl groups o f  a c id ic  p ro te in s  in  the c e l l
w a ll a re  d i r e c t ly  invo lved  in  the fo rm ation  o f  c ro s s -b r id g e s  
2+through Ca ions th e  phosphate groups o f  th e  phosphomannan a re  
n o t .  These l a t t e r  groups however c re a te  a  re p u ls iv e  fo rce  
between a d ja c e n t y e a s t  c e l l s  due to  t h e i r  h igh  n e g a tiv e  charge. 
The f lo c c u le n t  o r n o n -f lo c c u le n t c h a ra c te r  o f s t r a in s  of 
Saooharomyoes cerevvsi/xe  depends on the  r e l a t i v e  m agnitude o f 
the  a t t r a c t i v e  and re p u ls iv e  fo rce s  due to  th ese  groups. When
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th e re  i s  s u f f i c i e n t  c ro s s -b r id g e  fo rm ation  between carboxyl groups
to  overcome th e  re p u ls iv e  fo rc e s  due to  phosphate g roups, f lo c c u la t io n
would occur. Both carboxyl groups and phosphate groups appear to
2+be re sp o n s ib le  fo r  b in d in g  Ca io n s . However th e  n a tu re  o f th e  
b in d in g  to  the  two types o f groups may n o t be the  same. T herefo re  
i t  may w e ll be th a t  i t  i s  the  s te r e o s p e c if ic  manner in  which 
calcium  i s  bound and n o t the  a b so lu te  amount th a t  i s  im p o rtan t 
to  f lo c c u la t io n ,  as suggested  r e c e n t ly  by S tew art e t  dl» (1975).
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